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ADVERTISEMENT. 



The present Treatise forms an appropriate sequel to the 
preceding First Book on Heat, Light, and Electricity, and 
comprises a brief, yet comprehensive, sketch of our know- 
ledge of Inorganic Chemistiy. To the youthful philosopher. 
Chemistry presents the peculiar attraction of being essen- 
tially an experimental study, while the practical illustration 
of its facts are placed within the reach of all. '* He who 
provides himself," says Dr. Reid, '* with a few slips of glass, 
a few phials with adds and alkalies, and a small quantity of 
fifty or sixty of the more important chemical preparations — 
all of which, both apparatus and materials, he can procure 
for five or six shillings at the utmost — not only provides 
himself with a small museum to which he can continually 
refer, but can also perform, again and again, with a part 
of the materials, several thousand experiments. He can, 
moreover, renew them at his own convenience, whenever 
it may be desirable ; he can study them leisurely at home 
with his text-book before him, and repeat those which may 
be more complicated, till he becomes familiar with them." 

R. D. H. 
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FIRST BOOK OF CHEMISTRY. 



CHAP. I. 

OF CHEMICAL ACTION. 

1. The object of Chemistry is to examine into the com- 
position of the numerous forms of matter which occur in 
the organic and the inorganic kingdoms of nature, and to 
investigate the laws by which the combination and the de- 
composition of their parts are effected. Matter is the ge- 
neral designation of all substances possessing, fi;62^A^, as 
distinguished from light, heat, and electricity, which, being 
destitute of appreciable weight, are commonly termed 
"imponderable agents." Although matei::ial, or ponde- 
rable, substances present a vast variety of forms, yet che- 
mists have not been able to detect more than fifty-five 
bodies which may be termed simple, as containing only one 
kind of matter ; of these, four only are found in organic 
nature. Compound bodies are those formed by combina- 
tion of the simple or elementary bodies ; thus, metallic iron 
is a simple booy, but the rust of iron, being a combination 
of the metal with oxygen, is a compound body. Upon the 
same principle, earth, fire, air, and water, are not simple 
bodies, or elements^ as they are sometimes erroneously 
called, but compound substances, each containing two oV 
more simple bodies, held together by a particular force, 
termed chemical attraction or affinity. 

2. The physical properties of matter, as inertia, divisi- 
bility, &c., belong to the study of Natural Philosophy, and 
must be carefully distinguished from its chemical proper- 
ties. The attraction which determines chemical combina- 
tion, is of a very different character from those, forms of 
attraction, which, under the names of cohesion and gravi- 
tation, affect the materials of our globe and the nature of 



I. What is the object of chemistry? What is meant by matter? How 
many simple bodies have been discovered? What are compound bodies? — 
2. Give some instances of mechanical mixtures, and state wherein they differ 
fh>m chemical combinations. Ulustrate the peculiarity of chemical attraction 
in the formation of cream of tartar from its elements. 
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2 PHENOMENA OF AFFINITY. 

all bodies existing upon it. 1. If water be mixed with 
water, or salt with salt, the effect is merely an increase of 
quantity: no change of quality is produced. 2. If a blue 
and a yellow powder be mixed together, a green powder is 
produced ; but this is merely an effect impressed upon the 
eye by the intimate mixture of the yellow and blue light 
which is separately reflected from the minute particles of 
each ; these particles may be separated mechanically* and 
the powders restored to their former appearance. 3. If two 
coloured liquids, haxing no chemical attraction for each 
other, be mixed together, a liquid of a different colour is 
produced, and the two ingredients cannot, it is true, be 
mechanically separated ; yet, even in this case, the liquid is 
a mere mixture, and its properties are accordingly inter- 
mediate between those of the liquids mixed. In these three 
cases there is no change of property, nor is any new property 
superadded. 4. But when potash dissolved in water is 
mixed with tartaric acid also dissolved in water, a solid 
substance, cream of tartar, is thrown down in the vessel ; 
this substance is neither potash nor tartaric acid, nor can 
either of these substances be again procured from it ; the 
liquid also from which it subsided no longer presents the 
qualities of the ingredients which were mixed in it, but 
those of a new and entirely different substance. The potash 
and tartaric acid have, therelore, united with each other, to 
form a chemical compound, which, when carefully collected, 
is exactly of the same weight as the ingredients possessed 
before their union, but of entirely different qualities. The 
force by which this new substance is formed is called che- 
mical attraction or affinity — ^a force of the highest import- 
ance in chemistry, inasmuch as the whole science includes 
little more than the knowledge of the laws and effects of 
chemical attraction and repulsion. 

PHENOMENA OF AFFINITY. 

3. Different bodies are affected by chemical affinity in 
different degrees. 1. Water combines readily with alcohol, 
feeblv with ether, and scarcely at all with oil. 2. Sugar 
dissolves readily in water, sparingly in alcohol ; while cam- 
phor dissolves freely in alcohol, and sparingly in water. 



3. State some cases of chemical affinity, as exhibited between different bodies. 
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PHENOMENA OF AFFINITY. d 

3. A rod of gold, planged into a vessel of water, and then 
withdrawn, retains but little of the liquid on its surface, 
and this may be easily removed ; but, on repeating the ex- 
periment with mercury, a coating of this metal adheres to 
the rod, and cannot be removed ; the gold is rendered white, 
and, if the surface be scraped, the pcnrtions thus removed 
contain gold and mercury united by chemical attraction. 

4. A piece of tin may be made to float on melted lead ; 
but, as the tin melts, it becomes intimately united with the 
lead, and each particle of the compound, when solid, will 
be found to consist of both metals ; in this case, the force of 
attraction counteracts that of gravitation. 5. The air in- 
haled in the act of respiration is different from that which 
is exhaled; on breathing through a tube into lime water, 
a combination takes place between the carbonic acid, an in- 
gredient of the exh^ed air, and the lime, and a white sub- 
stance, chalk, is formed in the liquid. 

4. Single Elective Affinity. — The simple combination of 
two substances, which have an affinity for each other, is of * 
familiar occurrence, and is readily understood. But chemical 
combination is frequently attended by peciQiar phenomena, 
of a more complex nature. There are three substances in 
general use, magnesia, lime, and nitric acid, commonly 
called aqua fortis. The nitric acid has an affinity for mag- 
nesia, and will combine with it ; it has also an affinity for 
lime, and will also combine with it. On mixing these three 
substances together, in equal quantities, it might, therefore, 
be expected that they would all combine together. The 
result, however, is that ovUy one of the affinities is obeyed : 
the nitric acid combines with the lime, leaving the magnesia 
uncombined and altogether unaffected. This case not only 
affords a further illustration of the principle laid down in 
the preceding paragraph — that different bodies are affected 
by affinity in different degrees — ^but it exemplifies a prefer- 
ence, or choice, which bodies evince, in combining with one 
substance, and rejecting others. This phenomenon was 
termed by Bergmann single elective affinity. 

5. Upon the same principle the formation of a compound 



4. What is single elective affinity ? Illustrate its operation on mixing to- 
getiier lime, magnesia, and nitric acid 5. Describe a case in which its opera- 
tion is attended by decomposition. Sute the order of decomposition which 
tolces place when sulphuric acid is brought into contact with the several sub- 
stances quoted in the table. 
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4 PHENOMENA OF AFFINITY. 

is frequently attended by the destruction of a previously ex- 
isting compound, as when some third body acts upon a 
compound, for one element of which it has a greater affinity 
than for the other. This may be illustrated by the above- 
mentioned bodies. If the nitric acid be already combined 
with the magnesia, and the lime be added to the compound, 
the result will be that the magnesia will be separated from 
the lime, which will take its place, and combine with the 
acid; the magnesia, which was formerly dissolved in the 
acid, and invisible, will re-appear and be perfectly separate. 
The former compound is decomposed ; and this process is 
termed decomposition, 2. K camphor be dissolved in 
alcohol, and the solution be poured into water, the alcohol 
quits the camphor, and combines with- the water; the 
camphor is thus set free, and appears as a separate body. 
3. K sulphuric acid be added to a combination of nitric acid 
and baryta, it separates the baryta, leaving the nitric acid 
free. In each of the three last cases, combination and de- 
composition take place. The order in which these decompo- 
sitions occur, may be expressed in tables, as in the fir)llowing, 
by Geoffrey: — 

Sulphuric Acid. 



1.. Baryta 5. Lime 

2. Strontia 6. Ammonia 

3. Potassa 7. Magnesia. 

4. Soda 

According to this table, sulphuric acid has an affinity for 
all the substances placed beneath it, and will combine sepa- 
rately with each ; and each of the compounds, thus formed, 
may be decomposed by adding to it any of the substances 
placed above it in the table. Thus, anmionia will separate 
magnesia from sulphuric acid, lime will separate ammonia, 
and soda lime ; but magnesia will not separate ammonia, 
nor ammonia lime, nor will any of them separate baryta from 
sulphuric acid. This order of decomposition does not, how- 
ever, represent the comparative forces of affinity; other 
causes are in operation which modify the force of affinity to 
such a degree, tnat the amount of the effect produced by this 
power cannot be determined. The table, therefore, repre- 
sents the order of decomposition, not that of affinity. 
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CHANGES INDUCED BY CHEMICAL ACTION. 5 

6. Double Elective Affinity, — Aflfinity is frequently the 
cause of still more complicated changes. In those above 
described, three substances only were present, and two 
affinities in operation. But when two compounds are mixed 
together, both of them may be decomposed, andybtir affini- 
ties exhibited. 1 . Lunar caustic consists of nitric acid and 
silver, common salt consists of chlorine and sodium. On 
mixing a solution of these compounds together, the nitric 
acid leaves the silver, and combines with the sodium, form- 
ing a salt which remains in solution ; on the other hand, 
the chlorine quits the sodium, and combines with the silver, 
forming a curdy substance, which falls to the bottom of the 
containing vessel. These changes may be represented by the 
following diagram : — 



/ 



Lunar Caustic. 



Nitric Acid.. ^-Silver. 



Chlorine. -- ' '""^v Sodium. 

f 



V 

Common Salt. 

In this case, the nitric acid and the chlorine have each an 
affinity for the silver and the sodium 5 but the nitric acid 
prefers combining with the sodium, to remaining in com- 
bination with the silver ; and a corresponding preference is 
exhibited by the chlorine. The previous combinations are, 
therefore, destroyed, and two new ones produced ; the re- 
sults are the formation of two new compounds, viz. nitrate 
of soda, and chloride of silver. This process is termed 
double elective affinity; and it is accompanied by a double 
decomposition. 



6. "What is double elective affinity ? Explain the decompositions and afflni- 
ties which take place when lunar caustic is mixed with common salt. 



ig'tized by Google 



CHANGES INDUCED B1 CHEMICAL ACTION. 

7. Chan^ of Properties. — Substaoees which have entered 
into combination generally exhibit an entire change ofpro* 
perties : the elementary ingredients haye lost their rormer 
])roperties,. and have acquired new ones: — 1, Water, a 
liquid, consists of two gases, hydrogen and oxygen, neither 
of which has ever been compressed into a liquid ; hydrogen 
is one of the most inflammable bodies in nature, but water 
cannot be inflamed ; oxygen supports combus|;ion with great 
ibrilliancy, but water extinguishes combustion. 2. Common 
Salt, which is not only harmless, but absolutely necessary 
for man, consists of two formidable ingredients, viz. the 
metal sodium, and the gas chlorine ; either of which taken 
into the stomach is fatal to life. When presented to each 
other, they burst into flame, and instantly lose their dan- 
gerous properties. 3. Glauber* s Salt, a valuable medicine, 
is composed of two caustic poisonous substances, viz. oil of 
vitriol, and barilla or soda. 4. The Atmosphere we breathe 
is composed of the same ingredients as that most violent 
and destructive liquid called aqua fortis, or nitric acid. 
5. Charcoal is a solid substance which has never been re- 
duced to a state of vapour ; and the diamond, which is 
merely crystallized charcoal, is one of the hardest bodies in 
nature. Sulphur, in its simple state, is a solid substance, 
and requires a high temperature to maintain it in a state of 
vapour. But when carbon, the pure principle of charcoal, 
and sulphur are made to combine, the compound, instead 
of being solid, is a thin liquid, and cannot be frozen or 
rendered solid at any temperature; and instead of being 
difficult to vaporize, is one of the most evaporable of au 
liquids. 6. Copper is a soft metal ; tin is still softer ; but 
the compound of these metals is exceedingly hard. 7. Nu- 
merous examples of changes of properties occur in the 
combination of acids with alkalies. Sulphuric add, for in- 
stance, and soda, possess caustic properties : the former is 
intensely acid, and converts the blue colour of vegetables 
into red ; the latter has a pungent taste, and turns the blue 
colour of vegetables into green ; on causing the two sub- 
stances to combine, these properties of each are lost, and no 



7. Give some examples of change of properties, as induced by chemical com- 
bination. 
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effect is produced b; the compound on vegetable colours ; 
they appear to have neutralized each other's properties. 

8. Change of Density * — Chemical action is generally ac- 
companied by change of density » Bodies which have com- 
bined, rarely occupy the same space which they filled when 
separate. 1. A pint of spirit and a pint of water, mixed 
together, occupy less space than two pints. 2. Olefiant 
gas consists of elements, which, when set free, expand to 
four times the bulk they occupied in the compound. 3. Cop- 
per is a light metal ; tin \& still lighter ; but the compound 
is much heavier, bulk for bulk, than either. Glauber ob- 
serves that if two balls of copper, and two of pure tin, of 
one and the same form and quantity, and of known weight, 
be melted together, and the melted mixture be poured into 
the mould of the first balls, scarcely three balls will be pro- 
duced, though the weight of the four will be preserved. 
In these cases, the bulk is diminished, by combination. 
4. Some gases^ however, exhibit no change of density under 
similar circumstances; in the formation of some gases, 
there is an extraordinary increase of bulk. When water, 
for instance, is decomposed, and made to assume its ele- 
mentary gaseous form, there is an increase of bulk nearly 
equal to 2,000 volumes. A cubic inch of water contains 
662 cubic inches of oxygen, and 1325 cubic inches of hy- 
drogen ; its volume is therefore increased 1 987 times by the' 
decomposition. In some metallic compounds, the bulk is 
also increased by chemical action. 

9. Change of Temperature — When chemical action pro- 
duces diminution of bulk, without a change of form, it is 
accompanied by a change of temperature. If a pint ofsuU 
phuric acid be mixed with a pint of water, the chemical 
action is so powerful as to raise the thermometer above the 
boiling point ; the compound rises in temperature, owing to 
its having less capacity for heat than its ingredients pos- 
sessed separately. But the intense heat which is sometimes 
evolved by chemical action, cannot be explained upon the 
principle of a change of specific heat. Change of tempera- 
ture also occursi when the combining bodies undergo a 

8. State some cases in which chemical action is attended by change of den. 
slty. Are there any instances of increase of bulk, produced by chemical 
action ? What is the amount of this increase in the case of water, when de- 
composed?— 9. Under what circuinstances !• change of temperature a result 
of chemical action ? Give some instances. 
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change of form, as when a gcui is condensed into a liquid^ or 
a liquid into a solid. If water be ponred upon lime, tlie 
two substances combine, the water loses its liqaid form, and 
the lime swells, becomes hot, bursts, and is converted into 
what is called slaked lime. The production of cold^ during 
combination, occurs only when heat is rendered insensible by 
a change of form, as on the conversion of a solid into a 
liquid, of a liquid into a gas. It is upon this principle that 
freezing mixtures are formed. 

10. Change of Form, — Chemical action is attended by 
change of form, 1 . Oases may form liquids, as when hy- 
drogen and oxygen combine to form water. On applying a 
flame to a mixture of these gases, explosion takes place, 
attended with the evolution of g^eat heat, and the elastic 
gaseous mixture is condensed into the liquid, water. 2. 
Solids may form liquids, as when carbon and sulphur com- 
bine, as has been already noticed. A nearly liquid sub- 
stance is formed when equal parts of alum and sugar of lead 
are bruised together in a mortar. These substances con- 
tain a quantity of water, which is set free by the friction, 
and occasions the partial fluidity of the mixture. 3. Liauids 
may form solids, as when sulphuric acid is mixed with a 
solution of muriate of lime in water. Muriate of lime con- 
sists of muriatic acid and lime, and is readily soluble in 
water ; sulphuric acid has a stronger aMnity than muriatic 
acid for lime; it therefore combines with it, and forms a 
compound which is nearly insoluble in water, and which, in 
a spongy form, occupies the whole of the vessel. Solids are 
formed from liquids when a new substance subsides on mix- 
ing two solutions, as those of potash and of tartaric acid ; 
the subsiding substance is insoluble in the liquid, and, in 
consequence of its being thrown down, is called dk precipitate, 
4. Solids may form gases, as when a vast quantity of gase- 
ous matter is produced on igniting gunpowder, and attended 
by the phenomenon of detonation ; or a gas may be more 
slowly ^sengaged by the action of a liquid upon a solid, and 
be attended by effervescence, as when marble is placed in 
hydrochloric acid. d. A gas and a metal may form a solid, 
as when chlorine and sodium combine to form common salt. 



10. Illustrate the phenomenon of change of form as occasioned by chemical 
action, in the conversion of gases into a liquid ; of solids hito a liqaid ; of liquids 
into solids; of solids into gases. 
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11. Change of Colour , Smell, Taste, and Sound. — 
Chemical Action is frequently attended by change of colour. 
No uniform relation, however, exists between the colour of 
the compound and of its ingredients. Copper is of a red- 
dish-brown colour, and tin is white ; but the compound, in- 
stead of being of a paler reddish-brown colour, is grey. 
The brown oidde of copper generally gives rise to green and 
blue- coloured salts ; while the salts of the oxide of lead, 
which is itself yellow, are for the most part colourless. The 
white metal zinc, and the red metal copper, when melted 
together, form the yellow compound brass. The vapour of 
ioSlne is of a violet colour ; but it forms a red compound 
with mercury, and a yellow one with lead. Charcoal is the 
blackest of substances ; sulphur is yellow ; but the com- 
pound is colourless as water. — In this compound a new smell 
and taste are acquired ; there is, in fact, not one point of 
resemblance to the elements of which it is composed. When 
nitric acid is made to act upon sugar, the sweetest of all sub- 
stances, a powerful add, the oxsdic, is produced. — ^Another 
very remarkable change, produced by the combination of 
metals, is that of Sound. If three bells be cast from the 
same mould, one of copper nearly pure, the second of good 
tin, and the third of a mixture of both ; the first will have 
a dull heavy sound, the second scarcely any sound at aU, 
while the third will have a clear musical sound. Hence, 
bell-metal is a compound of tin and copper. 

CAUSES WHICH MODIFY APFINITT. 

12. Cohesion, — Chemical Action takes place only between 
the •minute particles of matter ; it is, therefore, obviously 
opposed by Cohesion, 1 . If a piece of iron and a piece 
of sulphur be brought together, no chemical action takes 
place. If the iron be reduced to filings, and the sulphur 
to powder, and both be mixed, still no change takes place. 
But, if this mixture be melted by heat, combination takes 
place, and a new substance is formed. Hence, it appears 
that Cohesion is the antagonist of Affinity, owing to its 



11. Give some examples of change of colour, of smell, of taste, of sound, as 

produced by chemical action 12. How doei cohesion prevent chemical action ? 

Give an example. Illustrate the operation of chemical action In destroying 
cohesion. What form of body is most favourable for the exertion of affinity f 
Why so ? 



itized by Google 



10 CAUSES WHICH HODIFT APPINITY. 

property of presenring bodies in a solid state ; and that the 
liquid state is favourable to the exertion of Affinity, by per- 
nutting the closest approximation of the particles of matter. 
2. On the other hand. Affinity is the antagonist of Co^ 
hesion. A piece of marble wUl not dissolve in water, for 
the cohesion among the particles of the marble is strong, 
and the affinity between the marble and the water weak. 
But if very strong vinegar be added, the greater affinity of 
this substance operates against the cohesion of the marble, 
which accordingly begins slowly to dissolve ; if the resist- 
ance of cohesion be lessened by the application of heat, 
the force of affinity prevails still more by the diminution of 
the antagonist power, and the marble dissolves with facility. 
The operation of affinity b favoured by mechanical division, 
as well as by the application of heat; by the former means, 
the extent of suiface is increased; by the latter li(^ue- 
faction is produced. The best mode -of ensuring chemical 
action is to reduce both substances to the liquid state by 
heat ; in many cases it is sufficient if one of the substances 
is in a liquid state, as is proved by the facility with which 
water dissolves many salts and other solid bodies. 

13. Elasticity, — When it is considered how cohesion 
counteracts the tendency of affinity by preserving the solidity 
of bodies, it might be supposed that the gaseous state is very 
favourable to chemical action. It is true that an air or a 
gas is totally devoid of cohesive attraction ; but such bodies 
possess a property, of a very opposite nature indeed, but 
which equally antagonises the tendency of affinity, and is 
often overcome only by great difficulty. This is a repulsive 
agency, called Elasticity; its tendency is to keep the 
particles of a body at a distance from each other, so that 
combination is prevented. 1. Oxygen and hydrogen have 
a strong mutual affinity, but they may be preserved together 
for any length of time without combining. This is true 
of chlorine and hydrogen. But when the distance between 
the particles of such bodies is overcome by mechanical force, 
combination sometimes takes place with facility, and even 
with violence. 2. When this cannot be effected, many 



13. yJhj does elasticity prevent chemical action? By what means may 
oxygen and hydrogen be made to #ombine ? What is meant by the combine^ 
tlon of gases, when in a nascent state ? How is it shown that elasticity is a de. 
composing agent ? Show that the operations of heat, with reference to chemical 
action, are unifbrm. 
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gases are capable of combining readily while in their miscent 
state, that is, at the moment of their acquiring the gaseous 
form by the decomposition of gome solid or liquid of which 
they formed an ingredient. 3. Elasticity is also a decom" 
posing agent Gaseous bodies, of feeble mutual attraction, 
as chlorine and nitrogen, which have been made to combine 
by considerable condensation, may be readily decomposed ; 
a slight elevation of temperature, or. the contact of a sub- 
stance which has an affinity for either of them, causes an 
immediate explosion. For the same reason, all compounds 
which contain a volatile and a fixed principle, are liable to 
be decomposed by a high temperature. 4. Some of the de- 
compositions formerly ascribed to the sole influence of elec- 
tive affinity, may be attributed to elasticity. If three 
substances be mixed together, capable of producing two 
compounds, one of which is more volatile than the other, 
the more volatile compound will generally be formed and 
driven off by the agency of heat. Some cases of double 
decomposition may be similarly explained. From what has 
been said in this, and in the preceding paragraph, it appears 
that the influence of Heat varies in respect to chemical 
action ; that it sometimes increc^es^ at other times dimi- 
niaheSy the force of affinity. Its modes of action are, how- 
ever, consistent with each other :—rfirst, it favours affinity 
by diminishing cohesion ; secondly, it prevents composition, 
by keeping the particles of bodies at a distance from each 
other ; or, by producing expansion, it tends to separate 
from each other substances already combined. 

14. Quantiiy of Matter, — The force of affinity is much 
influenced by what is called Quantity of Matter. 1 . Decom- 
position is more easily effected in proportion to the larger 
quantity of any ingredient combined. Thus, oxygen com- 
bines with lead in three different quantities ; the compoimd 
which contains the largest quantity of oxygen is easily de- 
composed by the action of heat ; a higher temperature is 
required to decompose the second compound; and the 
strongest heat of a furnace will not decompose the last. It 
may therefore be stated, that the larger the quantity of any 
ingredient combined with another, the more easily is a por- 
tion of it separated. 2. In forming solutions , it is found 

14. Give an instance in which decomposition is more easily eflbcted in pro. 
portion to tlie larger quantity of any ingredient combined. Explain the influ. 
ence of quantity of matter in forming solutions; and in favouring chemical 
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that equal quantities of the suhstance to he dissolved, be^ 
come successively more difficult of solution, until the affinity 
hetween the solvent and the solvend is entirely satisfied; 
the solution is then said to be saturated^ and no more can 
be dissolved, unless the temperature be raised. It may 
therefore be stated that the less the quantity of a substance 
combined with another, the more resuiily does an additional 
<^uantity enter into combination. 3. The lar^ei' the quan- 
tity of a substance employed in chemical operation, the 
more speedily will the action be effected. Thus, in sepa- 
rating an acid from a compound by means of an alkali, a 
larger quantity of this alkali is employed than is necessary 
to saturate the acid ; by this means every particle of the 
substance to be decomposed is subjected to the action of the 
alkali. Very different products are, however, sometimes 
obtained according to the quantity of the substance used. 

15. Gravity. — The influence of Gravity resembles that 
of cohesion in masses, in preventing that intimate mixture 
which favours chemical action. Hence, when two bodies 
differ in specific gravity, their combination is opposed. Oil 
floats on water, and refuses to combine with it, being spe- 
cifically lighter. Salt sinks in water, being heavier ; and it 
is only by agitating the solution, that the salt can be equally 
diffused throughout it. In melting together metals of di£> 
ferent specific gravities, it is necessary to stir the mixture, 
to prevent the heavier metal from subsiding to the bottom. 

16. Specific Gravity. — The specific gravity of a body is 
its density, compared with the density p^g^ j^ 

of another body which is assumed as 
the standard. This standard is pure 
water, at the common temperature. 
1. In order to determine the specific 
gravity of a solid, it is necessary, first, 
to weigh it in common scales in the 
air, and then to weigh it in water by 
the apparatus represented in the figure. 
A body, so immersed, loses of its 
weight a quantity precisely equal to 
the weight of its own bulk of water ; 
and hence, by comparing this weight 

15. How does grarity modify chemical action ? Give some instances of its 
counteracting power.— 16. What is meant by specific gravity? How is the 
specific gravity of a solid body ascertained ? how, that of a liquid ? how. that of 
agas? 
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LAWS OF CHEMICAL COMBINATION. 13 

unth the total weight of the solid, its specific gravity is 
ascertaiaed. The rule, therefore, is to divide the total 
weight ia air by the loss of weight in water; the quotient 
gives the specific gravity. If, for instance, a piece of lead 
weighs, in the air, twenty-two grains, and only twenty in 
water, the loss is two grains, and this is exactly equal to 
the weight of a quantity of water equal to the lead in size. 
As 2, Uierefore, the loss of weight in water, is. to 22, the 
total weight in air, so is 1, the standard of unity, to 11, the 
specific gravity of lead. 2. The specific gravity of a liquid 
body is more easily ascertained, by filling a small bottle of 
known weight with it, and with water, successively, and 
weighing them. 3. The specific weight of a gaseous body 
is ascertained by comparing it with atmospheric air. The 
first step is to find the weight of a given volume of air. For 
this purpose a flask provided with a stop-cock, is weighed 
when full of air; the air is then withdrawn by means of the 
air-pump, and the flask is again weighed; the difierence 
between the two weights is that of the volume of air. By 
similar means the weight of any gas may be found, and 
its specific gravity, with reference to atmospheric air, b^^ 
determined. 

17. The Imponderables. — The influence of the Imponder' 
ables upon chemical action has been sufficiently explained 
in the First Book of Heat, light, and Electricity. The last 
of these agents is frequently employed to effect the combi- 
nation, and sometimes the decomposition, of gaseous bodies. 
It appears to act by the heat which is evolved. 



liAWS or CHEMICAL COMBINATION. 

18. Affinity being a property probably possessed by all 
bodies, it is important to ascertain whether there is any 
limit to its operation, whether combination satisfies or 
weakens its tendency, whether there are any fixed laws by 
which chemical combination is regulated. 1. Some bodies 
are found to unite in any proportion in which they may be 
mixed together, as water and alcohol. Others unite in 
every proportion up to a certain limit; thus, water will 
dissolve salt in any quantity, up to the saturating point, 



17. What appears to b« the mode of action of the imponderables in causing 
chemical action?— IS. In what respect do bodies vary in reference to their 
combining powers ? 
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but has no effect upon any additional quantity. A hundred 
grains of water will dissolve any quantity of sea-salt which 
does not exceed forty grains ; affcer this, the cohesion of the 
salt prevails against its affinity for the water. In all these 
cases, the affinities are feeble, and the properties of the 
compounds partake more or less of those of their elements. 
2. But there are bodies which combine only in one, or in a 
few fixed proportions; and their compounds lose, more or 
less entirely, the properties which characterized their ele- 
ments. These are the compounds which exhibit the cha- 
racteristic effects of chemical action. Their combination is 
regulated by the following laws : — 

19. Law 1. — The composition of all bodies, whether 
formed by nature or by art, is fixed and invariable ; their 
elements are found to exist always in the same relative 
quantities. 1. A piece of marble always contains the same 
relative qualities of carbonic acid and lime, from whatever 
part of the world it be procured. 2. If a portion of lime be 
exposed for a long time to the atmosphere, it absorbs from 
it a quantity of carbonic acid ; if the weight of the lime be 
represented by 100, the weight of the carbonic acid absorbed 
will be 78^ ', if exposed to the atmosphere for an unlimited 
period, not another particle of the acid will be absorbed. 
These are, therefore, the fixed proportions in which these 
elements exist in marble, and in limestone ; and these ele- 
ments are found assodated in the same proportions in various 
other minerals. 8. Water consists of one part of hydrogen 
and eight parts of oxygen, by weight ; and so invariable is 
this ri3e, that water cannot be formed by any other pro- 
portions of these elements. 4. Salt, whether obtained from 
mines, lakes, or the ocean, always consists of thirty-six 
parts of chlorine gas and twenty-four parts of the metal 
sodium. 5. Sulphuric acid is always composed of sixteen 
parts of sulphur and twenty-four parts of oxygen ; if these 
elements were made to combine in other relative proportions, 
some other compound might be formed, but not sulphuric 
acid. This law is of the utmost importance, and constitutes 
the very basis of Chemistry. 

20. Law 2. — The relative quantities in which bodies 
combitie, may be expressed by proportional numbers. Thus, . 

19. State some instances in proof of the first law of chemical combination, 
that the composition of all bodied is fixed and invariable — ^20. What is the 
meaning of the word equiralent? What are the equivalent numbers of the 
filements of water, and of potash ? 
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8 parts of oxygen combine with 1 part of hydrogen, with 
16 parts of snlphur, with 35*4 of chlorine, with 89*6 of se- 
lenium, or with 108 of silver. When any of these bodies 
combine with each other, they combine either in the same 
quantities as above stated, or in some multiple of those 
quantities, as will be noticed in the following law. Thus, 
16 parts of sulphur combine with 1 of hydrogen, with 35*4 
of chlorine, with 39*6 of selenium, or with 108 of diver. 
And so of the other bodies. — Upon the principle of this law, 
WoUaston applied the term Equivalent to the combining 
proportions of elementary, and of compound, substances 
required to neutralize each other ; the combining proportion 
of one body being considered as equivalent to that of anoth^ 
body, and capable of being substituted for it in combination. 
Thus, 8 is the equivalent of oxygen, 16 of sulphur, and in 
these proportions they combine ; but if it is desired to pro- 
duce combination between oxygen and silver, the numbers 
will be 8 and 108 ; and the number 108, which represents 
silver, is considered to be equivalent to the number 16, 
which represents sulphur ; for either of them combines with 
the same proportional number, or equivalent, of oxygen. — 
This law apphes not only to elementary, but also to cam- 
pound, substances. Water consists of oxygen 8, and hydro- 
gen 1 ; the equivalent of water is therefore 9. Potash con- 
sists of potassium 39, and oxygen 8; the equivalent of 
potash is therefore 47. If it be desired to produce com- 
bination between these commands, the combining equiva- 
lents will be 47 + 9, and the equivalent of the new com- 
pound 56. 

21. Law 3. — When a body combines with another body 
in more than one definite proportion, the quantity of one 
of them in the different compounds is found to bear a very 
simple ratio to that of the other, 1. A body may combine 
with from one to six equivalents of another ; in such cases, 
the combining proportion of the second body is always some 
multiple of the first equivalent. Thus, 8 of oxygen com- 
bines with 16, or with 32, of sulphur, but with no inter- 
mediate quantity; with 108, or with 216, of silver; and so 
with all other substances. 2. A body may combine with 
half an equivalent of another body, with one equivalent, 
with one and a half, with two equivalents, with two and a 

21. What is meant by combination in multiple proportion ? 
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CHEKICAX EQUIVALENTS. 



half, &c. Thus phosphorus combines with half an equiva- 
lent of oxygen, or 4, to form one compound; with an equiva- 
lent and a half, or 12, to form a second compound ; with 
two and a half, or 20, to form a third. 

22. Chemical Equivalents, — Chemical equiyalents mere- 
ly represent the relative quantities of substances which com- 
bine together, as referred to some standard of comparison. 
Hydrogen is generally assumed in this country as the stan- 
dard, §ie number assigned to it being 1, or unity. Dr. 
Thomson makes oxygen 1, so that hydrogen is eight times 
less than unity, or •125. WoUaston made oxjrgen 10, so 
that hydrogen would be 1*25. It is of little importance 
which plan is adopted, provided the relation be strictly ob- 
served. The hydrogen may be converted into the oxygen 
scale, by dividing the former by 8; the oxygen into the 
hydrogen, by multiplying the former by the same number. 

Chemical Equivalents of Elementary Substances, 



Elements. 


Equiva. 
lents. 


ElemenU. 


Equiva. 
lents. 


Elements. 


Equiva. 


Aluminium 


13-7 


Iodine 


126-3 


Rhodium . 


52-2 


Antimony . 


64-6 


Iridium .... 


98-8 


Selenium . 


39-6 


Arsenic . . . 


37-7 


Iron 


28 


Silicium . . 


7-5 


Barium . . . 


68-7 


Lead 


103-6 


Silver.. ., 


108 


Boron .... 


10-9 


Lithium .... 


10 


Sodium .. 


23-3 


Bromine .. 


78-4 


Magnesium . 


12-7 


Strontium 


43-8 


Cadmium.. 


55-8 


Manganese . 


27-7 


Sulphur . . 
Tellurium 


16-1 


Calcium .. 


20-5 


Mercury.. .. 


202 


32.3 


Carbon.... 


612 


Molybdenum 


47-96 


Thorium . 


59-6 


Cerium . . . 


46 


Nickel 


29-5 


Tin 


58-9 


Chlorine .. 


35-42 


Nitrogen ; . . 


14-15 


Titanium . 


24-3 


Cromium . . 


28 


Osmium .... 


997 


Tungsten . 


94-8 


Cobalt.... 


29-5 


Oxygen 

Palladium .. 


8 


Vanadium 


68-6 


Copper . . . 


31-6 


63-3 


Uranium . 


217 


Fluorine .. 


18-68 


Phosphorus . 


15-7 


Yttrium . 


32-2 


Glucinium 


17-7 


Platinum. .. 


98-8 


Zinc 


32-3 


Gold 


199-2 


Potassium .. 


39-15 


Zirconium 


33-7 


Hydrogen . 


1 











82. What substances are employed as standards of comparison, in forming 
chemical equivalents ? What are the numbers of these substances respectively ? 
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28. Atomic ITieoty.'^lth possible to conceive that a grain 
of sand may be divided into a million parts, and each of these 
into a million more, and so on ad ii^finitum. It may, hotr- 
ever, be true that a grain of sand cannot be divided into 
more than a certain number of parts, each of which, though 
invisible under our microscopes, possesses such cohesive 
power as to resist furUier division. Whether matter be 
infinitely divisible, or consist of ultimate particles called 
AtomSf is still a disputed point. The latter opinion was 
assumed by Dalton, as the most satisfactory method of ex* 
plaining the foregoing laws of chemical combination; it 
forms the basis of what is called the Atomic Theory. Ac- 
cording to this theory — 

(1.) All bodies consist of ultimate atoms, which are of the 
same size and shape in the same bodv, but which differ in 
weight, in different bodies. The weight of an atom of oxy- 
gen is eight times as great as that of an atom of hydrogen, 
and half as great as an atom of sulphur. 

(2.) Chemical combination takes place between the atoms 
of bodies. One atom of one body may combine with one or 
more atoms of another body : thus, one atom of hydrogen 
combines with one atom of oxygen to form water; two 
atoms of oxygen combine with one atom of sulphur to form 
sulphuroti« acid ; while three atoms of oxygen combine with 
one atom of sulphur to form sulphurtc acid. Nitrogen and 
oxygen combine in the several proportions of from one to 
&ve atoms of the latter, to one atom of the former, gas. 

(3.) From these cases it appears that the law of multiple 
proportion, already described, is a necessary consequence of 
the atomic theory. The term atom is, accordingly, fre- 
quently used in the same sense as the term equivalent: 
water may be described as consisting of one atom of hydro- 
gen, and one atom of oxygen, as weU as of one eqmvalent of 
each of these elements. The numbers expressing the pro- 
portions in which bodies combine, will also express the 
relative weights of atoms ; these numbers are, tnerefore, 
often termed atomic weights, 

24. Compounds of which oxygen forms a part, are called 
Acids or Oxides, according as they do, or do not, possess 



23. 'What is the hatis of the atomic theory f What is an atom ? 'What are 
the atomic proportions of the ingredients of water, and of sulphuric acid P — 
24. What is meant by the terms acid and oxide. 
C 
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acidity : oxygen and sulphur form a compound with acid 
properties ; oxygen and iron form an oxide, without acid 
properties. 

25. The term Acidity is applied to hodies which have 
the power of reddening the blue colours of vegetables ; that 
of Alkalinity to bodies which turn yegetable blue colours to 
green, and yellow colours to brownish red; the former 
bodies are termed acids, the latter alkalies* The presence 
of an acid or of an alkali in solution, may be therefore de- 
tected by means of vegetable colouring matters ; these are 
termed tests, from their testing or distinguishing the che- 
mical composition of bodies ; or re-agents, from their re- 
acting upon the elements of bodies. 1. By means of an 
infusion of red cabbage, a blue colouring matter is obtained, 
which turns red by the action of acids, and green by the 
action of alkalies. The colouring matter of violets may be 
used for the same purpose. 2. Litmus is a blue colouring 
matter prepared from the Lichen Rocella. A slip of paper 
tinged with this substance, is more readily affected by acids 
than the colouring matter of cabbage, but is not turned to 
green by alkalies. But if previously reddened by acids, it 
becomes a valuable test for alkalies, which restore its blue 
tint. 3. TStrmeric is a yellow colouring matter prepared 
from the Curcuma longa. A slip of paper stained with a 
decoction of this substance, detects the presence of alkalies 
by forming with them a brown compound. It is not affected 
by acids ; but, if previously rendered brown by an alkali, it 
is a valuable test for acids, which restore its origmal yellow 
tint. 

26. The names of the Acids are derived from the sub- 
stances with which oxygen combines, and these substances 
are termed the bases : in sulphuric acid, sulphur is the base ; 
in carbonic acid, carbon. A base may combine with oxygen 
in more proportions than one, and form acids of different 
degrees of strength ; these proportions are indicated by a 
different termination of the name of the acid ; that in wMch 
the larger quantity of oxygen exists, terminates in ic, as 
sulphuric acid ; that in which the smaller quantity exists, in 
ous, as sulphurof<« acid. 



.25. How are the acidity and alkalinity of bodies tested?— 26. What is a 
base ? How are the proportions of oxygen which combine with a base, de. 
termined by the name ? 



itized by Google 



CHEMICAL NOMENCI.A.TUBE. 19 

27. Acids combine with metallic oxides, or with alkaline 
bases, and form compounds called Salts, the names of which 
are contrived so as to indicate the substances composing 
them. The acids terminating in otis, form salts which ter- 
minate in ite; those which end in ic, form salts which end 
in ate ; thus sulphurem^ acid combines with potassa, form- 
ing sulphtYe of potassa; sulphunc acid forms with the same 
base, sulpha/6 of potassa. The names of all the salts are 
thus made to indicate their ingredients. 

28. When a simple non-metallic substance combines 
with another substance of this class, with a metal, or with a 
metallic oxide, the name of the compound terminates in uret, 
as in sulphured of mercury, carburet of iron. Sometimes 
the different sulphurets or oxides are distinguished by the 
colour of the compounds, as the black and the red sulphurets 
of mercury, the black and the red oxides of iron. 

29. The non-acid compounds which are formed by oxy- 
gen» chlorine, iodine, bromine, and fluorine, terminate in 
ide, as the oxtcfe of zinc, chlon'd^ of mercury, ioddde of 
lead, &c. Different degrees of oxidation are denoted by 
prefixing Greek numerals, as prof -oxide, rfcMf- oxide, trit- 
oxide ; or Latin numerals, as 6i>i-oxide, fer-oxide ; the term 
j9er-oxide is generally applied to the highest degree of oxi- 
dation. The Latin term sesqui, one and a half, denotes 
that the elements exist in a compound in the ratio of 1 to 1^, 
as the «6«^t-carbonate of ammonia, containing one equiva- 
lent and a half of acid. 

30. The different salts formed of the same ingredients 
were formerly divided into neutral, super, and sub salts. 
In the first, the base is perfectly saturated with the acid, 
and the compound has no characteristic properties of either 
ingredient, as in the sulphate of potassa. In the second, the 
properties of the acid predominate, as in super- tartrate of 
potassa. In the third, the properties of the base predomi- 
nate, as in sub-borate of soda. A double salt is a com- 
pound of two salts, as the tartrate of potassa and soda, which 
is considered as consisting of tartrate of potassa and tartrate 
of soda. A triple salt denotes a compound of three salts. 



27. What is a salt? How are salts named, with reference to the acids which 
«ater into their composition? — 28. What is meant by a sulphur^ and a 
carbcire^?— 29. How are the non.acid compounds n^med ?— 30. What is meant 
bjr the terms neutral, super, and tub, as applied to salte? What is a double, 
and what a triple, salt ? 
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31 . There are several terms employed to express solution 
of solid matters, as performed under Yarious circumstances ; 
these terms relate to cases m which the whole of the solid 
matter, placed in the liquid, is not dissolved, a portion of 
it only heing extracted, and passing into the liquid state. 
When a substance to be subjected to the action of water has 
hot water merely poured upon it, this is called infusion. 
When heat is applied to the liquid for some time, this is 
called decoction. When cold or warm water is poured on 
the substance, and allowed to remain for some time, this is 
termed maceration. When a saline matter is extracted by 
means of water from a solid mass which consists of both 
soluble and insoluble ingredients, the process is termed 
lixiviation. When a substance is subjected for some time 
to the action of a solvent, it is said to undergo digestion* 
A liquid which acts the part of a solvent, without changing 
the nature of the substance to be dissolved, is termai a 
menstruum. 

32. The vaporization and subsequent condensation of 
liquids constitute the process of distillation. The subjection 
of bodies to a red heat in close vessels, and the collection of 
the products, constitute destructive distillation. The pro- 
cess by which volatile substances are raised by heat, and 
again condensed into the solid form, is called sublimation; 
it is, in fact, dry distillation. 

33. When solids are dissolved in a liquid, as water, for 
the purpose of procuring crystals, a portion of the liquid is 
often chemically combined with the crystals ; this is termed 
water of crystallization. Salts containing this water may 
melt on the application of heat, and are then said to undergo 
watery fusion ; or they may melt after the water has been 
expelled, and are then said to undergo dry fusion. When a 
salt, or other substance attracts moisture from l^e air, and 
melts, the liquefaction is termed deliquescence: when the 
moisture is removed from a salt by the action of a dry atmo- 
sphere, attended by the production of a powdery-looking 
substance, the process is termed efflorescence. The separa- 
tion or splitting of crystals on the application of heat, is 



31. Explain the terms infusion, decoction, maceration, lixiviation, digestion, 

and menstruum 32. What is meant by distillation and sublimation P>-d3. 

What is meant by water of crystallization; by watery and by dry fusion; by 
deliquescence, by efflorescence, and by decrepitation? 
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accompanied by a crackling noise, which is termed decrepi- 
tation, 

84. Arrangement of Elementary Bodies. — The Elemen" 
tary Bodies may be divided into the non-metallic, and the 
metallic. — 1. The Non-metallic bodies are twelve in num- 
ber. Some of these agree in certain properties, but differ 
remarkably in others. These have a tendency to combine, 
not only with each other, but with almost all other sub- 
stances; and their union is usually accompanied by the 
evolution of light and heat; hence, they are commonly 
called supporters of combustion. Some of the others, in- 
stead of supporting the combustion of other substances, are 
themselves combustible. From their property of generally 
forming acids, when combined with the supporters of com- 
bustion, they have been termed acid\fiable bases.^-2. The 
Metallic bodies are forty- three in number. They all com- 
bine with oxygen, and the results of their combination with 
this element furnish a means of distinguishing them into 
groups. Three of them, when combined with oxygen, form 
compounds which possess alkaline properties, and are there- 
fore termed metallic bases of the alkalies. The next four 
form compounds which resemble earths, but are similar to 
the alkalies in their action; these compounds are called 
alkaline earths, and the metals which yield them are called 
metallic bases of the alkaline earths. The next six yield, 
by combination with oxygen, the pure earths, and are 
therefore called metallic bases of the earths. The remain- 
ing metals, when combined with oxygen, yield neither 
alkalies nor earths. Many of them, like some of the non- 
metallic elements, form acids with this element, and are 
termed addifiable bases. They may be divided into groups 
according to the effects which they produce on . water at a 
red heat, and to the effects produced by heat upon their 
oxides, or combinations with oxygen. Thus, seven of them, 
at a red heat, decompose water. Fifteen of them do not 
decompose water at any temperature, nor can their oxides 
be reduced to the metallic state by the sole action of heat. 
The remaining eight admit of having their oxides decom- 
posed by a red heat. These divisions, together with the 
names of the elementary substances themselves, are pre- 
sented in the following table : — 

S4. Qire a general index of the arrangement of the elementary bodlei. 
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ELEMENTABT BODIES. 



1. Oxygen 

2. Chlorine 

3. Bromine 



L NoK-METAixic Bodies. 
1. Supporters of Combustion, 



4. Iodine 

5. Fluorine 



6. Hydrogen 

7. Nitrogen 

8. Sulphur 

9. Boron 



2. Acidifiable Bases. 



10. Selenium 

11. Phosphorus 

12. Carbon 



II. MBTAU.IC Bodies. 
1. Metallic bases of the Alkalies, 

13. Potassium | 15. Lithium 

14. Sodium | 

2. Metallic bases of the Alkaline Earths. 

16. Barium I 18. Calcium 

17. Strontium | 19. Magnesium 

3. Metallic bases of the Earths. 



20. Aluminium 

21. Thorium 

22. Glucinium 



23. Zirconium 

24. Yttrium 

25. Silicium 



4. Metals which decompose water at a red heat. 



26. Manganese 

27. Zinc 

28. Iron 

29. Tin 



30. Cadmium 

31. Cobalt 

32. Nickel 



5. Metals which do not decompose water at any tem- 
peraturcj and the oxides of which are not reduced to 
the metallic state by the sole action of heat. 

33. Arsenic 41. Cerium 

34. Chromium 42. Bismuth 

35. Vanadium 43. Titanium 

36. Molybdenum 44. Tellurium 

37. Tungsten 45. Lantanum 
88. Columbium 46. Copper 

39. Antimony 47. Lead 

40. Uranium 
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Metals, the oxides of which are decomposed by a 
red heat. 



48. Mercury 

49. Silver 

50. Gold 

51. Platinum 



52. Palladium 

53. Rhodium 

54. Osmium 

55. Iridium 



OF THE NON-METALLIC ELEMENTS. 
CHAPTER II. 

OF OXTGBN- 

95. General Remarks, — Oxygen, in its elementary state, 
is a gas. It is one of the few elementary substances which 
occur naturally in the gaseous form ; in this state, and un- 
combined, it constitutes about one-fifth of atmospheric air. 
In a state of combination, this element occurs in such Tast 
abundance as to form upwards of one half of the globe. 
Oxygen exists in the liquid form in water, in which it 
occurs in combination with hydrogen in the proportion of 
one volume of the former to two volumes of tne latter gas. 
Oxygen is found also in the solid state : most of the mineral 
bodies forming the crust of the earth, contain more or less 
oxygen ; and it exists, as an elementary principle, in almost 
all the products of the animal and vegetable kingdoms. 
Oxygen is, perhaps, the most important of all the elements ; 
from its proneness to enter into composition, it is constantly 
operating upon, and modifying, every thing in nature. 
The complicated apparatus, connected with the respiration 
of animals, is obviously constructed with reference to the 
properties of oxygen as it exists in the atmosphere. Oxygen 
was discovered in 1774 by Priestley; its name denotes ttiat 
it is a generator of acidity, 

85. What is oxygen? In what proportion does it enter into the composition 
of atmospheric air ? and of water f In what forms is it found in a solid state ? 
In what respect is oxygen the most important of all the elements? What is 
the meaning of the term oxygen f 
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36. Mode of procuring 04ty^«».— Oxygen gas is gene- 
rally procured from some compound containing it, by the 
action of beat A large quantity of perfectly pure oxygen 
may be obtained by the following process. Half an ounce 
of the salt called chlorate ofpotassa is placed in a Florence 
oil flask, furnished with a perforated cork, into which a 
bent glass tube is fixed, as shown in the figure. The flask 




is placed upon a chemical stand, and heat is applied by 
means of a spirit lamp. The salt melts, though it contains 
no water, and, when nearly red hot, gives off an abundance 
of oxygen gas. The gas passes through the fflass tube, and 
enters the glass vessel, or receiver, which had been pre- 
viously filled with water, and inverted upon the shelf of a 
pneumatic trough.* In this way the chlorate of potassa 
parts with all the oxygen it possessed, amounting to 37 per 
cent, of its weight ; and a white hard salt, called chloride of 
potassium, is left in the flask. The changes which take 
place in this experiment, are the following: chlorate of 

« Hie pmetmiaiie iroitgk is a vtasel made of timed Iran, and capable of 
holding a large quantity of water. At the depth of about two inches from the 
top, a shelf is fixed horicontally to both sides of the trough, and extends to 
hw Ito breadth, so that there is a large open space on one side. The shelf is 
perforated with a few holes. When the trough is to be used, it must be filled 
with water to a little above the level of the shelf, which must always be com- 
pletely covered with the Uquid. When it is required to collect a gas, a jar or 
receiver must be filled with water, and inverted over one of the holes on the 
shelf. As most gases pass through water without mixing with it, and are 
lighter than water, they rise above its surface, and may be collected Into a re. 
ceiver, as shown in the figure. As the gas ascends, the water is forced down 
until it is all expelled, and the receiver is consequently filled with gas. 

36. Explain one of the prooenes for procuring oxygrti. What is the pneu. 
matic trough f Enumerate the changea which take place In this proceHL 
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potassa consists of chloric acid and potassa ; of these, chloric 
acid consists of oxygen and chlorine, and potassa consists 
of oxygen and potassium. All the oxygen escapes, by the 
application of heat, and the chlorine of the chloric acid 
combines with the potassium of the potassa, forming chlo- 
ride of potassium. The process may be illustrated by the 
following diagram : 

Before Decomposition. After Decompotitum, 

Oxygen _ Oxygen. 

Chlorate r Chloric Add 

I 75-42 or 1 equiv. 
of J 

I Potassa 
Potaisft. (^^47*15 or 1 equiv. 



87. Properties of Oxygen Gas, — ^Pure oxygen gas is a 
permanently elastic fluid, without colour, taste, or smell. 
It has neither acid nor alkaline properties. It is a non-con- 
ductor of electricity, and the most perfect negatiye electric. 
It is sparingly absorbed by water, 100 cubic inches of this 
liquid dissolving only 3 or 4 of the gas. It refracts light 
very feebly, and is not chemically affected by the imponder- 
ables. Its specific gravity is rather greater than that of air. 

88. Oxygen is a supporter of combustion. All bodies 
which bum in atmospheric air, bum with much greater 
brilliancy in this gas. If a lighted wax taper attached to a 
copper wire be blown out, and plunged Into a vessel of oxy- 
gen gas, while a spark of light remains in the wick, it is 
instantly rekindled into flame with a slight explosion ; and 
this may be repeated, so long as a spark remains in the wick. 
A piece of wood, which has been lighted, burns with flame 
in this gas; and red-hot charcoal throws out dazzling 
sparks. Burning sulphur emits an azure blue flame of con- 
siderable intensity ; and phosphorus bums with a light too 
intense for the eye to bear. Even iron wire and steel are 
fused and burned in oxygen gas, throwing out numerous 



37. What are the general properties of oxygen ? How is it affected toward* 
electricity f— 38. Give some instancm in proof of oxygen befaoig a rapporter of 
conbiiation. 
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■parks, and occasionally allowing a globule of fiised oxide to 
fall ; these globules are so intensely hot, that they retain a 
red heat for some time under the surface of water, and bum 
into the substance of an earthenware plate, upon which they 
are allowed to fall. 

39. Oxygen is necessaij for Respiration, No animal can 
exist in an atmosphere n'om which Oxygen has been ex- 
cluded. Its effect is to change the dark colour of the venous 
blood into a bright vermilion red ; and it is produced in the 
lungs of living animals, or by agitating in a vessel with the 
ffas a portion of blood drawn from a vein. Respiration is, 
in fact, a kind of slow combustion: in proportion as oxygea 
is consumed by these processes, respiration ceases, and 
flame is extinguished. The continued respiration of un- 
mixed oxygen is, however, injurious to life; it stimulates 
and quickens the vital powers for a certain time, after which 
it produces debility and death. 

40. Oxygen combines, in one or more proportions, with 
all the other elements, except fluorine, and forms compounds 
called oxides ; the process of combination is termed oxida* 
tion. Many of its compounds possess acid properties, par- 
ticularly those which contain more than one equivalent of 
oxygen to one of the other elements in combination. These 
compounds are most readily formed with the non-metallic 
elements, as carbonic acid with carbon, sulphuric acid with 
sulphur, phosphoric acid with phosphorus. Many of its 
compounds are formed with single equivalents of various 
metallic bodies ; these possess alkaline properties, and are 
called bases, as potash, formed by oxygen and potassium ; 
lime, by oxygen and calcium, &c. Some of its com- 
pounds are neither acid nor alkaline, and are therefore 
called neutral bodies, as when oxygen combines with hydro-* 
gen and forms water. Oxygen acids combine with oxygen 
bases, and form neutral salts, as carbonic acid with Ume, 
forming the carbonate of lime. 

41. Theory of Combustion, — The term Combustion de- 
notes the combination of oxygen with some other body, 

39. What is the eflTect of oxygen in the function of respiration? What would 
be the eflTect of exhalincr pure oxygen ? Is there any relation between respira. 
tion and combustion ? — 40. With what elements will oxygen combine ? What 
are the names of the compounds which it forms, and what are the properties of 
these compounds, respectively? — 41. Explain the theory of combustion, and 
Ulustrate the theory by the chemical process of burning a candle or lamp. 
What result is obtained by burning a combustible body in a jar of oxygen? 
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attended by the evolution of heat and light ; the latter body 
is called a combustible^ and, instead of undergoing oxida- 
tion, is said to be burned; the oxygen which combines 
with it, and supports the burning of it, is called a supporter 
of combustion* This may be illustrated by the chemical 
process of the burning of a candle or lamp. The wick is 
lighted by a piece of burning paper or wood ; by this means 
the particles of fat or oil immediately contiguous to the 
flame are heated sufficiently to be decomposed into inflam- 
mable gaseous matter ; this combines with the oxygen of 
the surrounding air, and produces the phenomenon of 
flame; the flame gives out sufficient heat to decompose 
another portion of the fat or oil ; and thus the process con- 
tinues until the whole of the candle or oil is exhausted. 
On burning any combustible substance in ajar of oxygen, a 
considerable quantity of the gas disappears, while the weight 
of the combustible increases in exact proportion to the loss 
of the oxygen; a combination has thus taken place between 
the gas and the combustible, and an acid or an oxide is 
formed ; this compound may be again resolved, by chemical 
action, into its constituent elements. 

42. The Economical Applications of the heat evolved by 
combustion are of the highest importance, as will be seen 
in the following cases, enumerated by Sir J. Herschel, in 
his 'Discourse on the Study of Natural Philosophy.' 

(1.) 'It is well known to modem engineers, that there 
is virtue in a bushel of coals, properly consumed, to raise 
seventy millions of pounds weight a foot high. This is 
actually the average efiect of an engine at this moment 
working in Cornwall. Let us pause a moment, and con- 
sider what this is e(juivalent to in matters of practice. 

(2.) ' The Menai Bridge, one of the most stupendous 
works of art that has been raised by man in modern ages, 
consists of a mass of iron, not less • than four millions of 
pounds in weight, suspended at a medium height of about 
120 feet above the sea. The consumption of seven bushels 
of coals would suffice to raise it to the place where it hangs. 

(3.) * The great pyramid of Egypt is composed of granite. 
It is 700 feet in the side of its base, and 500 in perpendicular 



43. What useAil effect may be obtained from the combostion of a bushel of 
coals f State some other economical applicationa of the heat evolved by 
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; fif groond. Ita 
is, fhen§tKe, 12,760 wnUwrnm cf ponadsL, at a ■■ hTibm 
oTl^Sfeet; eoneqwadj it would be niaed briber 
jboot 690 ckaUraos of coal, aqaaittitTi 
fipudriesia a veek. 

(4.) ^TheaamalccMHiiticiBofqaliiiLBodflagcgti- 
anted at l,aOO,000 diaUnms. Tlie effixt of tins qoantitj 
woa]dtiifieetoraBeaeiildeal1iloc^ofiiiarU&, SDOfeetia 
Iht lide, tliroiigli a ipaee eqoal to its own bo^it, or to 
pile ooe tnA m o uatai n npoo another. Hie Monte Kiumi, 
near Pozznofi (vlncfa was erupted in a single ni^t bj tqI- 
canie fire) migfat bave been rnsed bj sneb an effort from a 
dcpdi of 40,000 fiset, or about dgbt mDes.* 

4Z. Exfenmemta^l.) Ptt«ioMeeartwo«rtbel 
f g wiete into a wsdl gi— letort, pair a little com 
phnric acid npon i^ and apply tbe heat «f a laaipb 
will be ditengaged ia abunauioe. 



(2.) If the leaTCS of a plant, &ah gathered, be placed in a 
▼eaiel of water, and eipofed to the son, Tecy pore ozygca gai anj 
beeoOected.' 

(3.) If a clow-worm be plaeed widmi a jar of oxygen gai, in a 
dark room, the insect will ndne with modi greater briUiuiey than 
in atnuMpheric air» and will appear to be stinnilated to mrasoal 
activity. 

(4.) If phofphome be exposed to the atmospheric air, it soon 
becomes w nite, and afterwards acquires a daik-brown colour. It 
has, in (act, abatracted oxygen from the air, combined with it, and 
is now an oxide of phoaphoms. 

(5. ) If pnre nitric acid be poored on the black oxide of man- 
ganeie, no solution will be effected. Add a little sugar, and this 
substance will abstract a portion of the oxygen from the oxide of 
manganese ; the acid will then be enabled to dissolve the metaL 

(o.) When silver has been dissolved in aqua fortis, the refiner 
can recover the silver by placing plates- of copper in the solution. 
The copper absorbs oxygen from the silver, and the latter is pre- 
dpiuted in the metallic state. All metals can de-oxidise gold and 
silver : copper will take ozjgen from mercury, and iron will reduoO 
an oxide of copper. 
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CHAPTER III. 



OF HYDBOGEN. 



44. General Remarks, — Hydrogeo, in its elementary state, 
is a gas; it is, however, found in nature only in a com^ 
bined state. It occurs most generally, and abundantly, in 
combination with oxygen, in the form oi water, and it enters 
into the composition of almost every organic substance. In 
reference to organized beings, therefore, hydrogen ranks 
next in importance to oxygen. It differs from oxygen in 
not being, m its elementary state, •necessary to life ; indeed, 
hydrogen is actually incompatible with the existence of ani- 
mals, if not of vegetables. From the inflammable nature of 
Hydrogen, it was formerly called inflammable air; its pre- 
sent name denoting generator of water, has reference to the 
formation of that hqmd ftom the combination of this gas 
with oxygen. 



Fig.Z. 




45. Mode of procuring Hydrogen, — Hydrogen is pro- 
cured by decomposing water by means of iron, zinc, or some 
other metal. The following is the simplest mode of ob- 
taining this gas. A glass retort must be procured. The 
shape of this vessel is represented in ^^. 3. The retort 

44. What is hydrogen? In what state does i% occur in nature? In what 
important respect does it differ from oxygen? — 45. How may hydrogen be pro. 
cared ? What changes take place daring this process ? 
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should be tubulated; that is, it must be furnished with a 
mouth at the upper part, to which a cork, or an idr-tjglit 
stopper of ground glass, is fitted. A number of small iron 
nails, or small pieces of zinc, are to be introduced by the 
tubulature ; water is then poured in, in much greater quan- 
tity than is sufficient to cover the metal ; and to this is 
added about the same weight of sulphuric acid as that of 
the nails. Effervescence immediately commences, owing to 
the extrication of hydrogen gas, which is expelled through 
the beak of the retort, and received into a glass jar or re- 
ceiver, inverted, as in fig. 2, full of water, upon the shelf 
of the pneumatic trough. By adding more sulphuric acid, 
when the effervescence becomes feeble, fresh supplies of 
hydrogen may be procured, and any number of bell-glasses 
may thus be filled with the gas. The first portions of the 
gaSy being mixed with the common air of the retort, and 
therefore impure, should be allowed to escape. One ounce 
of zinc will cause the evolution of 615 cubic inches of hydro- 
gen. The changes which occur during the process are 
shown in the following diagram: 

Bilfore DecompoHtUm. After Decomposition. 
C Hydrogen Hydrogen. 



Water < 

C Oxygen 



X 



>xide of Zinc 

Sulphuric Add*: .Ngulphate of Oxide of Zinc. 

46. Properties of Hydrogen, — Pure hydrogen is a per- 
manently elastic fluid, without colour, taste, or smell. It 
cannot support respiration, for an animal soon perishes if 
conflned in it ; when taken into the lungs in a large dose, it 
produces a shrill, squeaking sound of the voice. It has 
neither acid nor alkauine properties. It is a non-conductor 
of electricity, and occupies the lowest position in the series 
of negative electrics. It is sparingly absorbed by water, 
100 cubic inches of this liquid dissolving about one and a 
half of the gas. It is a powerful refractor of light. 

47. Hydrogen gas is the lightest substance in nature. It 

46, What are the general properties of hydrogen ? How is it affected with 
regard to electricity f — 47. What is the lightness of hydrogen, as compared with 
that of oxygen, and of atmospheric air ? How may iu lightness be exhibited ? 



itized by Google 



FSOFESTIBS OP HTDEOGBW. 31 

is 16 times lighter than oxygen, and 14*4 times lighter than 
atmospheric air ; 100 cubic inches of hydrogen gas weigh 
only 2*14 grains. The lightness of hydrogen gas may be 
exhibited in an amusing manner by the following experi- 
ments. 1. A bell-glass, furnished with a stop-cock, may 
be filled with hydrogen by means of the water 
trough, as represented by fig. 4 ; to this is fixed a 
Bladder, also provided with a stop-cock. On 
opening both the stop-cocks, and lowering the 
bell-jar into the water, the gas is forced up into 
the bladder, which may thus be filled, and re- 
moved from the jar. A tube may then be adapted 
to the mouth of the bladder, and bubbles formed 
by dipping its extremity into soap lather; these 
bubbles rise rapidly into the air, and may be fired Fig. 4. 
by the application of flame as they rise. If a little balloon 
of oiled silk be substituted for the bladder, it will rise into 
the air, owing to the low specific gravity of the gas. 2. If 
two bell-glasses be filled with hydrogen gas, and placed, the 
one with its open mouth upwaras, the other with its mouth 
downwards, the gas will have entirely escaped from the 
former in a few minutes, but it will still be found in the 
latter. This may be easily ascertained by applying the fiame 
of a candle to the mouth of each glass ; the contents of the 
latter only will burn. 

48. Hydrogen is highly combustible, but does not support 
combustion. In these respects hydrogen exhibits opposite 
properties to those of oxygen. 1. If a lighted taper be in- 
troduced into a jar of hydrogen, the gas bums with a pale 
blue flame, but the taper is extinguished. 2. The philo- . 
sophical candle is a bottle furnished with a cork, into which 
a slender glass or metallic tube is fixed. The materials for 
generating hydrogen being introduced, and the cork fitted 
air-tight, a jet of hydrogen rises from the tube, and may be 
inflamed by a burning body, or the electric spark. In these 
cases, combustion takes place only where the hydrogen is in 
contact with the air, the oxygen of which is necessary to 
support the combustion. 3. If a portion of hydrogen be 
mixed with a sufficient quantity of atmospheric air to bum 
it completely, or with a quantity between two and three 
times its volume, combustion takes place immediately on 

48. What are the properties of hydrogen with reference to combustion ? By 
what experiments may the oomboatibility of hydrogen be exhibited. 
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the application of flame, and is attended with explosion. 
4. If, instead of atmospheric air, one volnme of 
oxygen be mixed with two of hydrogen, the ex- 
plosion is much more violent. The experiment 
may be easily performed by blowing soap- 
bubbles with tne mixed gases, from a bladder, 
as already described, and igniting them as they 
ascend, or while they are still on the siuface of 
the water. 5. The explosions may be so con- 
trived as to produce a musical sound. If an 
open glass tube of about two feet in length be 
held oyer the jet arising from the philosophical 
candle^ a succession of slight explosions is pro- 
duced, as the gas rises and mixes with the air 
in the tube; and these follow each other so 
quickly as to produce a continuous sound or 
note. The mode of performing this experiment ^' &• 
is shown in the adjoining figure. 

49. Hydrogen is one of the most inflammable of bodies. 
Its combustion is instantly effected by flame, by the electric 
spark, or by the approach of a red-hot body. But the com* 
bustion of hydrogen may be determined at much lower 
temperatures, by the action of metals which haye no tendency 
to oxidize. The action of spongy platinum upon hydrogen 
is yery remarkable in this respect : it produces explosion of 
a mixture of hydrogen and oxygen as rapidly as flame or the 
electric spark, provided the gases be pure and mixed in the 
exact proportions of two volumes to one. By this means 
Dobereiner contrived an apparatus by which instantaneous 
light may be produced. The figures a and b represent two 
glass vessels, the former of which is prolonged into a tube 
which reaches nearly to the bottom of the latter, and has a 
strip of zinc coiled round'its lower extremity. The lower 
vessel is half filled with a mixture consisting of one part of 
sulphuric acid with ^ye or six parts of water. The upper 
vessel is then fixed air-ti^ht into its neck, by grinding or 
cement. Hydrogen gas is immediately disengaged in the 
lower vessel, and, by pressure upon the surface of the liquid, 
forces this into the upper vessel, the stopper of which, being 
conical, allows the air to escape. The lower vessel is by this 
means soon nearly filled with hydrogen.^ A brass tube is 
cemented to the neck c, and furnished with a stop-cock d; 

49. Explain the action of spongy platinum upon hydrogen. 
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Fig. fl. 



the box e contains some 
spongy platiniun . at the 
end of tne tube. When 
it is required to produce 
light, the stop-cock is 
turned, and a jet of hydro- 
gea is immediately tlirown 
upon the platinum, which 
quickly becomes red-hot, 
and inflames the hydrogen, 
as it issues from the tube. 
As the hydrogen escapes, 
the acid again descends in- 
to the lower vessel, comes 
in contact with the zinc, 
and the process is renewed. 
This action of the plati- 
num will take j^lace in 
temperatures considerably 
below the freezing point. 

50. Uses of Hydrogen^-'TiM flame of hydroffen, though 
feebly luminous, is intensely hot. The most mtense heat 
which can be produced, is caused by ^e combustion of 
hydrogen in oxygen gas. Upon this principle is constructed 
the oxy-hydrogtn blow-pipe^ the most important of the 
present applications of hydrogen gas. The simplest form of 
apparatus for this purpose consists in two bladoers, the one 
fliled with oxygen, the other with hydrogen* and both 
furnished with a blow-pipe tube and^ stop-eock. The ap- 





paratus is shown in the figure above. A stream of hydrogen 
from one bladder b then directed upon the substance to be 
heated, and a stream of oxygen, from the other, is made to 
enter the flame just where it issues from the tube. The 
heat produced by the combustion of these mixed gases is 

50. Describe the oxy-hydrogra blow.pipe. Is hydrogen remarkable for 
yielding exceuire heat, or excessive light? 
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applied to effect the fusion of the most refractory substances, 
and also to produce the most brilliant light by the ig^nition 
of small portions of lime. This light has been found suf- 
ficiently mtense to serve for the Ulumination of solar mi- 
croscopes, and for conveying signals to almost incredible 
distances. 

51. Water ^ or Protoxide of Hydrogen, — The sole pro- 
duct of the combustion of hydrogen and oxygen, is Water, 
The composition of water may be proved synthetically, or 
by ih<t formation of water by the combination of these two 
gases. The simplest way of illustrating the formation of 
water is to invert a dry glass vessel over the flame of the 
philosophical candle (p. 82) ; as the combustion 
proceeos, dew is copiously deposited on the sides 
of the vessel, owing to the combination of hydro- 
gen with the oxygen of the air. The /brma/ion 
of water may be also shown by introcuicing the 
mixed gases into a strong thick vessel of glass a, 
furnished with a stopper s, which can be pressed 
tightly down by means of a screw, and with a stop- 
cock p. By means of two wires, w w, which are 
inserted into the stopper, and communicate with 
the interior of the vessel, an electric spark is 
passed directly through the gases, which combine 
with explosion, and water is deposited upon the sides of the 
glass. 

52. On the other hand, the 
composition of water may be 
proved analytically, or by re- 
solving water into its elements. 
This is effected by means of the 
Galvanic battery. The adjoin- 
ing figure represents a glass 
vessel, with a perforation on 
each side furnished with a cork, 
through which are passed wires 
connected with the two poles 
of a galvanic battery. The 
vessel is partly filled with wa- 
ter. Two glass tubes, A and 
B, both filled with water, are 
inverted in the vessel. As the 
stream of electricity passes from Fig, 9. 




Fig. 8, 
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P to N, the water undergoes deeanqxmlum, the oxygen 
rises in one of the glass tubes, the hydrogen in the other, 
the volume of the latter being twice as great as that of the 
former. By this experiment, the proportions in which these 
elements combine, by volume^ may be exactly detennined: 
they are two volumes of hydrogen, and one of oxygen. The 
same result is obtained by syiUheHc experiment: if one 
volume of oxygen be mixed with three of hydrogen, and 
the mixture bis exploded by the electric spark, one volume 
of hydrogen remains after the explosion ; if the explosion 
be made with two volumes of oxygen and two of hydrogen, 
one volume of oxygen remains after the explosion. The 

groportions in which these gases combine by weight, is 1 of 
ydrogen to 8 of oxygen. It has been found, hj careful ex- 
periments, that 100 parts of pure water consist of ll'l of 
hydrogen and 88*9 of oxygen, which is the ratio of I to 
8*009, or very nearly the proportion above stated. 

53. ExpervmenU, — (1.) Pat about an ounce of iron filings into a 
phial, with about three or four ounces of water. Ponr a little snl- 
phone acid npon the contents, and hydrogen gas will be evolved. 

(2.) Procure a bladder famished with a stop>cock. fill it with a 
mixture of hydrogen and oxygen gases, and adapt a tobacco-pipe to 
it. With this simple appuratus blow soap-babbles, and apply to 
them a lighted match, when they will explode with a smart noise. 

(3.) Put a little alcohol into a tea-cup, set it on fire, and invert 
a large bell-glass over it. In a short time an aqueoas vapour will 
be seen to condense upon the inside of the bell, which, by means 
of a dry sponge may be collected, and its quantity ascertained. 
This may be adduced as an example of the formation of water by 
combustion. 



51. What 18 the chemical composition of water ? How may the compositicm 
of water be proved synthetically ?— Si. Explain the composition of water ana- 
lytically. What is Uie difference between synthesis and analysis f >What are 
the proportions of the ingredioits of water by volupie, and by weight ? 
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54. €kmend Bemarks. — ^Mtrogen, in its eUmentary state, 
ii A gas. It is one of the yetj few elementary bodies whicfi 
are found naturally in an uncombined state. The great 
bidk of this gas is confined to the atmosphere, of which it 
constitutes about four-fifths, or 80 per cent., the rest being 
principally oxygen. It forms a constituent element in ani- 
mal and sevenl Tegetable substances, but enters veiy 
sparingl^r into natural mineral productions. It is remark- 
ably distingnished from other elementary bodies by the ab- 
sence of active properties. Notwithstanding the negative 
properties of nitrogen in its simple state, it forms most im- 
portant and energetic compounds when made to combine 
with other substances ; some of these are atmospheric air, 
aqua-fortis, ammonia, and prussic acid. The nam^ Nitrogen 
was given to this gas from its being an element in nitric 
add ; from its being incapable of supporting respiration, it 
has been termed Azote, or life-depriver. 

55. Modes of procuring Nitrogen* — ^Nitrogen is gene- 
rally procured from atmospheric air, every 100 parts of which 
consist, by measure, of 79 of nitrogen and 21 of ozy^n. 

56. When the air exhaled from tiie lungs of an animal has 
been washed with lime-water, which removes the carbonic 
acid, the gas which remains is found to be incapable of sup- 
porting respiration. This is impure nitrogen gas. 

57. if a bell-glass containing atmospheric air be inverted 
over a lighted taper, in a vessdl contaming a 
littie water, as shown in the adjoining figure, 
the flame becomes gradually more dim, imd is 
presently extingui^ied. The greater part of 
the oxygen of we air is consumed in support- 
ing the combustion of the tape^ ; the remain- 
ing gas is principally nitrogen. The effect is Fig. lo. 

64. What ia nitrogen? Is it found naturally in an uncombined sUte? In 
what proportion does it enter into the composition of atmospheric air f By 
what'drcumstance is this gas remarkably distinguished from other elemen. 
tary bodies ? What is the meaning of the term nitrogen ? Why is this gas 
also termed asote?— 55. How U nitrogen generally procured ?— 56. How may 
nitrogen be procured from the air exhaled from the lungs of animals ?— 57. Ex. 
plain the process of procuring nitrogen by means of combustion. 
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rendered more striking, by the gradual rising of the water 
into the bell-glass, in proportion as the oxygen is consumed. 
If, instead of the taper, a paste made of iron filings and 
sidphur be plaeed under the bell-glass, on a stand raised 
above the irater, the oxygen of £e contained air will be 
gradually diminished, and the water wUl ascend propor- 
tionably. The residue is principally nitrogen, as in the 
former ease. 

58. If, instead of alighted taper, a portion of phosphorus 
be burned under simi&r circumstances, the whole of the 
oxygen will be consumed by the combustion. In this expe- 
riment, the vessel becomes filled with white fumes, arismg 
from the combination of the phosphorus with the oxygen of 
the air ; this substance is phosphoric acid. If the experiment 
be performed in a receiver over water in a pneumatic trough, 
the fumes are absorbed by tiie water, which rises propor- 
tionably in the receiver; and nitrogen gas alone remains. 
These changes are shown in the following diagram: — 

Bffwe DecamposUUm, After Decomposition. 
Atmospheric Air {^j^^ Nitrogen. 



Phoephorus Phospboric Add. 

59. Properties oj^ Nitrogen. — Pure nitrogen is a per- 
manently elastic fiuid, without colour, taste, or smell. It is 
a singularly inert element It does not change the blue 
colour of vegetables. It is not a supporter of combustion ; 
but, on the contrary, extinguishes the flame of any burning 
body immersed in it. It does not support respiration ; an 
animal soon dies in it, not because it exerts any injurious 
action upon the sjrstem, but simply because oxygen gas is 
excluded. The principal use of nitrogen in the atmo- 
sphere appears to be that of diluting the oxvgen, and thereby 
subduing tiie activity of combustion and other oxidating 
processes. Nitrogen is not inflammable, though it may be 
made, under certam circumstances, to combine with oxygen. 

68. Describe the changes which take place on the comlmstkii of pbofphon» 
ia atmocpheric air.^^. What are the general properties of nitrogen f What 
is its principal use in the composition of atmoiiihenc air. 
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It is sparingly absorbed by water : this liquid, when de- 
prived of air by ebullition, takes up about one and a half 
per cent, of the gas. 

60. Analysis of Atmospheric Air. — The general proper- 
ties of Atmospheric Air have been explained in the preced- 
ing volumes of this series. It is necessary here also to point 
out the various modes of analysis which are practis^ in 
order to ascertain the quantity of nitrogen or of ozjrgen con- 
tained in the atmosphere. This inquiry constitutes the 
subject of JBudiometry, a term which denotes the measuring 
of the quality of the atmosphere. For this purpose sub- 
stances are employed which will absorb or consume all the 
oxygen of a confined portion of air, care being taken to em- 
ploy a substance which will not mix vrith, or alter, the 
volume of the nitrogen. 

61. In Achards Eudiometer, this effect is produced by 
the slow combustion of phosphorus. 
A graduated glass tube a Ms blown at 
one end into a bulb c, into which 
small pieces of phosphorus are intro- 
duced, in the proportion of one-third 
of a grain of phosphorus to one cubic 
inch of atmosphenc air ; the remain- 
der of the tube is filled with mercury, 
and its open extremity is immersed m 
a jar filled with the same metal. The 
oxidation of the phosphorus is in- 
creased by heating the bulb by the 
flame of a candle. The oxygen of 
the atmospheric air in the tube unites 
with the phosphorus, leaving a resi- 
due of nitrogen ; by comparing this 
with the volume of atmospheric air employed in the experi- 
ment, the relative quantities of the constituent gases are 
determined; the comparison always indicates 20 or 21 per 
cent, of oxygen. 

62. In Voltd's Eudiometer, the effect is produced by the 
combination of one volume of oxygen with two volumes of 
hydrogen, to form water. This instrument consists of a 




60. What is meftnt by Eudiometry? By what means is the quality of the 
atmosphere detennined?— 61. Explain the principle of Adiard's eudiometer.^ 
62. Explain the use of Volta's eudiometer. 
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strong graduated glass tube a b, closed at its ex- 
tremity a, and open at bs two wires cdare fixed 
into its sides, for the purpose of passing an elec- 
tric spark througli the contents of the tube. A 
portion of atmospheric air is carefniUy measured 
in a graduated tube, and mixed with a quantity 
of hydrogen gas, wluch is rather more than suf- 
ficient for combining with all the oxygen present. 
The mixture is introduced into the eudiometer, 
and an electric spark passed through it, the open 
extremity being closed by the thumb at the mo- 
ment of detonation, in order to preyent any of the mixture 
from escaping. Water is formed by the combination of one 
▼olume of oxygen with two of hydrogen ; one third, tibere- 
fore, of the j&minution of the mixed gases repres^its the 
▼olume of oxyg^ in the atmospheric air employed. 

63. Compounds of Nitrogen and Oxygen. — The com- 
pounds of Nitrogen and Oxygen are five ; of these, two are 
oxides, and three acids. They afford strikin^^ instances of 
the direct proportions in which ^^ases combme with each 
other by volume. Their composition and equivalents, as 
stated by Turner, are as follow : — 



Nitrous oxide . 
Nitric oxide 
H^ponitrous acid 
Nitrous acid 
Nitric acid . . 

64. Nitrous Oxide. — Nitrous oxide is a colourless gas, 
with a sweet taste, and a faint agreeable odour. It is a 
supporter of combustion : a candle bums in it with less 
brilliancy than in oxygen, but with greater than in common 
air. With an equal bulk of hydrogen, it forms a mixture 
which explodes violently by flame or the electric spark ; the 
hydrogen combines with the oxygen, and nitrogen is libe- 
rated. The most remarkable property of this gas is its 
effect on animal life, when breathed. Davy discovered that 
it supports respiration for a few minutes. '' He thus de- 
es. 'What are the compounds of nitrogen and oxygen ? State in what pro. 
portioni these gases unite with each other by volume— 64. What is nitrous 
oxide ? What is the most remarkable property of this gas ? 



By Volume, 


By Weight. 


Nitr. Oxyg. 


Nitr. Oxyg. Equiv. 


100 . 50 


14-15 -1- 8 « 22-15 


100 . 100 


14-15 4-16-30-16 


100 . 150 


14-15-1- 24 « 38-14 


100 . 200 


14-15-f.32- 46-15 


100 . 250 


14-15-1-40 = 54-15 
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icribtd dM cfeete Mdaeed on Idniself bf iafaaliii^ tUs ^ 
^Huffflr prwioimr eloied n^nostrik, and rrimwird ib^ 
IwMfy ItwMitlMd mr qoaits of mtrmis onde finim and into 
AfflklMff. Tho irrttoeliiigiirere tfaoteof gidiBnei; but 
i0 Um mn lulf « miniito, the respuratioa bemg^ eontmoed, 
tfaof dbafoifbed gradnally, and were siicfteeded bj a aeasa- 
tion aoak^gow to gentle pressnre on all tbe mnades, at- 
tended hf a U^^y pleaanrable thrilling, paiticnlaily in the 
dMf§i and the extremities. The olgects aronnd me became 
dMZzUngf and mj hearing more acute. Tovarda die last 
insfirsSon tbe milling Increased, the sense of mnsenlar 
fNnrer beeam* greater, and at last an irresistible propensty 
to action was indnlffea in. I recollect bnt indistinctljr irbat 
followed ; I know that my motions were Marions and violent. 
Theso effiets rery soon ceased after respiration. In ten 
minutes I had recoirered my natural state of mind. The 
thrilling In the extremities continued longer than the other 
sensations. The gas has been breathed by a very great 
number of persons, and almost every one has observed the 
same things. On some few, indeed, it has no effect wbat- 
evsr, and on others the effects are always painful.* Davy 
breathed nine quarts of this gas for three minutes,* and 
twelve quarts for rather more than four minutes, but was 
unable to continue the experiment for a longer period. 

65. Nitric Acid, — This is one of the most important of 
the acids. It cannot be procured in a separate state, but 
always occurs in combination. The most rimple form in 
which it is procured is in solution with water, and it is com- 
monly known by the name of aqua fortis. It enters into 
the composition of nitre or saltpetre, which is a nitrate of 
potash. Nitric acid is exceedingly corrosive, and acts with 
great energy on substances which are disposed to combine 
with oxygen } hence, it is much emijloyed as an oxidizing 
agent. Nearly all the metals are oxidized by it ; and some 
of them, as mercury, copper, zinc, and tin, with great vio- 
lence. When poured upon burning charcoal, the brilliancy 
of the combustion is considerably increased. Sulphur, phos- 
phorus, and iodine, are converted into acids by its action. 
When mixed with a fourth of its bulk of oil of vitriol and 
thrown upon a flaw drops of oil of turpentine, an explosive 

65, la whal lUts doM sitrio acid alwayi oecor ? Why is it employed m ib 
oxldiilnt aiMt > Wbal it in ■eUon on Tegetable substanees ? 
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combustion of tbe oil takes place. AH yegetable substances 
are decomposed by it : its oxygen combines witb tbe hydro- 
gen and carbon of these snbstuices, forming water with the 
one, and carbonic acid with the other. Animal substances 
are also decomposed by nitric add ^ it stains the skin and 
nadls of a yellow colour, and acts upon the former as a 
powerful cautery. The orange patterns upon woollen table 
covers are produced by this agent. The strongest nitric 
add, howeyer, produces no yiolent action ujpon certain or- 
ganic substances, as woody fibre and starch, for a short time, 
but combines with them and forms remarkable compounds. 

66. Experimentt, — (1.) Take a few inm filings, mix them with a 
little sulphur, aod moisteii the mass with water. Put this mixture 
into a laige glass jar, aod eork it close. In a few days the oiygen 
will be auoraed by the miztnre from the air which was prcfiously 
in the glass, and the residue will be found to be nitrogen gat. 

(2.) Take three neasurps of oxygen gas and one measure and a 
Quarter of nitrogen gas, and pass a number of electric explosions 
tnrough the mixture. This will occasion a union of these gases, 
and nitric meid will be the product. 

(3.) Pour some sulphuric acid upon an ounce or two of nitrate 
of potash in a glass retort; apply heat by means of a lamp, and 
fttfrie add may be collected. 

(4.^ Pour some concentrated nitric add upon pieces of iron, and 
Terr uttle action will take place ; but, if a few drops of water be 
added, violent effervescence will immediately commence, and the 
add will be rapidly decomposed, clouds of red mtmu gas will be 
erdved in abundance, and the metal will be perfectly dissolved. 

(5.) Pour upon a few filmgs of copper a little diluted nitrous 
acid, in the proportion of about three parts of water to one of acid, 
and nitric mde gat will be evolved. 



66. Explain the procen of procuring nitrofen gaa fron iron fllingt, lulphor, 
«Dd water. How may nitric add be procured from oxvgen and nitrogen gaaes f 
How may nitrooi gaa be formed tnm nitric add, Iron, and water? How 
may nitric oxide gas be obtained? 
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CHAPTER V. 

OF CABB(m. 

67. General Remarks. — Carbon is a substance which 
occurs under a variety of forms. By chemists, the term is 
employed to denote the pure matter of charcoal. In its 
crystallized and pure state, it constitutes the diamond — the 
hardest and most brilliant body in nature. It enters Ycry 
lar^ely into the composition of vegetable substances, tSf 
which it may be considered, more perhaps than any otiier 
principle, the fundamental element It is found abundantly 
in animal bodies, in which its effects aro considerably mo- 
dified by the presence of nitrogen. It occurs also in great 
quantities in the mineral kin^om, in which, in a nearly 
pure state, it forms the basis of coal. But it is found in still 
greater proportion in combination with oxygen, in the form 
of carbonic acid^ which, combined with hme, constitutes 
chalk and limestone, two of the most abundant minerals in 
nature. A small portion of it, in the form of carbonic acid, 
enters into the composition of atmospheric air. Carbon, in 
its elementary state, is an inert substance ; but with oxygen 
and hydrogen, it forms gaseous compounds of great energy^ 
and of most deleterious properties. 

68. Diamond, — Lavoisier first proved the diamond to 
contain carbon, by concentrating the sun*s rays upon it, by 
means of a powerful lens, in a vessel of oxygen gas ; the 
diamond was entirely consumed, oxygen disappeared, and 
carbonic acid was formed. It has been since proved, by 
numerous experiments, that the diamond is pure carbon, 
that charcoal is an oxide of carbon, and that the product 
of the combustion of the diamond is identical with that de- 
rived from different kinds of charcoal. In close vessels, the 
diamond undergoes no change from the most intense heat ; 
but, when heated to redness in the open air, to about the 
melting point of silver, it is entirely consumed. The dia- 
mond affords an instance of the intrinsic worthlessness of an 



67. In what forms does carbon occur in nature ? In what condition does it 
occur in combination with oxygen ? In what state is carbon inert, and in what 
combination does it exhibit energetic properties ?-^68. How may the compotition 
of the diamond be prored ? . 
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object upon -which the highest value is set. The celebrated 
Regent Diamond, originally purchased by Mr. Pitt for 
•£20,400, and afterwards placed in the hilt of Napoleon's 
sword, is now said to be valued at £260,000. Yet this 
precious gem is a mere piece of carbon, of somewhat more 
than an ounce in weight, and which may be resolved under 
the solar ray into a noxious vapour. 

69. Wood Charcoal. — This variety of charcoal is the 
substance which remains when wood has been exposed to a 
red heat in closed vessels, and its gaseous and other volatile 
matters have been by this means expelled. Wood, when 
thoroughly dried at 212°, loses 57 per cent, of its weight; 
when dried at 304°, it loses 67 per cent. ; the remaining 33 
parts of baked wood yield, when calcined, 25 of charcoal, 
while 100 parts of the same wood cal ined, without having 
been previously dried, leave only 14 per cent, of charcoal. 
The greater intensity of heat produced by burning charcoal 
than by wood, is owing to the abstraction of this large 
quantity of water. Owing to its porous nature, charcoal 
possesses the property of absorbing many times its volume 
of many of the gases at common temperatures, and of 
giving them out again unaltered when heated. Charcoal 
absorbs also odoriferous effluvia, arising from animal and 
vegetable matters ; hence, it acts as an antiseptic agent, 
and removes the taint of meat which is undergoing putrefac- 
tion ; the impurities of water are also removed by filtering . 
it through charcoal. It is a common practice to char the 
inside of water, and of wine, casks ; water is thus preserved 
from putridity, and the quality of wine improved. In the 
form of coarse powder, wood charcoal is employed as a filter 
for spirits, which are deprived by this means of their essen« 
tial oil. Charcoal is highly combustible; when strongly 
heated in the open air, it becomes ignited, and bums away 
idowly without flame or smoke ; in oxygen gas, its com- 
bustion is brilliant, and accompanied wiUi the emission of 
sparks; the product of its combustion is carbonic acid gas. 
Charcoal is a very slow conductor of heat, but a good con- 
ductor of electricity. 



69. How is charcoal procured from wood ? How is the intensity of the heat 
prodaced by burning charcoal proved to be greater than that obtained ttom 
wood ? How does charcoal act as an antiseptic agent ? What is the product 
of the combustion of charcoal in oxygen gas ? 
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70. Animal Charcoal,. — Animal charcoal, bone-chareoal, 
kory^black, and bone-black, are names applied to an impnre 
oharooal procured from bones heated to redness in close ves- 
•els ; the residue is a black mass, consisting of charcoal 
mixed with the earthy matters of bone. Animal charcoal, 
reduced to a fine powder, absorbs the colouring principles of 
most animal and yegetable substances, and is extensively 
used for decolorizing syrup, and for purifying many or- 
ganic liauors. A similar nroperty is possessed by charcoal 
preparea by calcining driea blood, horns, hoofs, or clippings 
of nides, in contact with carbonate of potash, and washing 
the calcined mass with water. Charcoal loses the property 
of absorbing colouring matters by use, but recoyers it by 
beiuff heat^ to redness. Ivory-black is the most feeble 
decoToratinff variety procured from animal matters, but is still 
much superior to^e best charcoal procured from wood. 

COMPOUHnS OF CABBON WITH OXTGEN. 

71. Carbon surpasses all bodies in its affinity for oxygen 
at a high temperature. These elements combine, and form 
an acid and an oxide^ in the following proportions of each:— 

CarlKNi. ^ Oxygen. ^ Equir. 

Carbonic oxide . 6*12 or 1 equiv. + 8 or 1 eqaiv. = ]4*]2 
Carbonic acid . 6*12 or 1 equiv. + 16 or 2 equiv. = 22*12 

72. Carbonic ^ctef.— -Carbonic acid was first described 
by Dr. Black under the name oi fixed air. He discovered 
it in limestone and magnesia, and found that it could be 
separated from these substances by heat or the action of 
acids. He also observed, that the same gas is formed during 
respiration, fermentation, and combustion. The air of an 
ordmary expiration contains on an average, 3*45 per cent, 
of carbonic acid, and the proportion varies from 3*3 to 4*1 
per cent., being greatest at noon, and least during the night. 
Carbonic acid is also a product of the vinous fermentation, 
imparting an agreeable pungency to fermented liquors, which 

70. Wliat is animal charcoal ? For what purposes is it employed ?— 71. What 
are the compounds of carbon and oxygen ? In what proportions do these ele. 
ments combine in the formation of carbonic acid and of carbonic oxide, re. 
ipectiTely S->72. Under what name was carbonic acid first described ; and why 
» ? What amount of this gas is contained in the air of an ordinary expiration ? 
What chemical operations are attended by the evolution of carbonic acid gas ? 
In what state does it occur in the composition of rocks ? What is the amoont 
of this gas in atmospheric air ? What in sea-water? 
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become stale when depriTed of it by exposure to tbe air. 
The combustion of carbonaceous fuel is attended with the 
production of vast quantities of this gas. Carbonic acid is 
also contained in the earth, and u discharged from Yokanoes 
and fissures in their neighbomiiood. It issues directly from 
the earth in the Grotto del Cane in Italy, and at Pyrmont hi 
Westphalia. This gas accumulates at the bottom of -wells, 
forming a noxious and fiital atmosphere, called by miners 
choke damp. Many mineral splines, as those of Tunbridge, 
Pyrmont, and Carlsbad, are stron^y charged with caibonie 
acid. In combination with lime, it forms extensiTe masses 
of rocks, occurring in all countries, and in every geological 
formation. It is dways present, though in a small quantify 
in the atmosphere, at ev^ elevation above the level of the 
sea. The atmosphere contains only a thousandth part of tt^ 
weight of carbonic acid ; and yet, small as this proportion 
appears, it is quite sufficient to supply the whole of the pre* 
sent generation of living beings with carbon for a thousand 
years, even if it were not renewed. Sea- water contains 
X^^^^*' of its weight of carbonate of lime ; and this quan* 
tity, although scareely appreciable in a pound, is the sonroe 
from which myriads of marine moUusca and corals are sup- 
plied with materials for their habitations. Carbonic acid is 
also a product of many natural operations, as of the germi- 
nation and ve^tation of plants. From these and other 
sources, carbonic acid is continually forming around us in 
vast quantities ; but by some compensating means it disap- 
pears as fast as it is formed ; and the atmosphere, whidi, 
without this adjustment, would soon become impregnated 
with carbonic acid to a fatal extent, barely contams traces 
of it. 

73. Mode of procuring Carbonic ^ct J.— -There are se- 
veral ways of procuring carbonic acid. 1. If charcoal be 
burned in oxy^n gas, intense heat and light are produced, 
the carbon unites with the oxygen, and carbonic acid gas is 
formed. In the combustion of pure carbon, as of the dia- 
mond, the oxygen undergoes no change of volume : carbonic 
acid gas contains, therefore, its own volume of oxygen.— 
2. A more convenient mode of procuring the acid is to pour 
upon some carbonate of lime, as common limestone^ marble, 



73. How may caia>onie add gas be procured from charcoal? How aiay 
it be obtained Rom marble ? 
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or chalk, an add which has a greater affinity for the lime 
than the earhonio acid possesses. Hydrochloric add, diluted 
with two or three times its weight of water, takes the lime 
from the oarbonie acid, which escapes with efferrescence, 
and may be collected by means of the pnemnatic trough, in 
the manner already described ^p. 24). The gas cannot be 
long retahied over water, owmg to its solabiUty in this 
liqmd ; it should, therefore, be collected over mercniy. 

74. Properties of Carbonic Acid, — Carbonic Acid is an 
elaatio ffae without colour or scent. Water and other liquids 
may be charged with a great quantity of this gas by mecha- 
nical pressure ; the quantity of the gas absorbed is in exact 
proportion to the compressing force ; water absorbs twice 
Its volume when the pressure is doubled, and three tiines its 
Tolume when the pressure is trebled. On removing the 
pressure, as when a bottle contaimng any aerated liquid is 
uncorked, the carbonic acid gas escapes with effervescence. 
It is to the presence of this gas that the agreeable acidulous 
taste of ginger beer, champagne, soda, and other aerated 
waters, is owing. Water, when fully saturated with this 

fas, sparkles as it is poured from one vessel into another, 
'he solution communicates to litmus pa^r a red stain, 
which disappears on exposure to the air. On adding 
lime-water to the solution, a cloudy precipitate is formed, 
which is again dissolved by the carbonic acid; but on 
adding Ume- water, till the whole of the free acid is neu- 
tralized, a permanent precipitate is formed of carbonate of 
lime. The whole of the carbonic acid in a solution of water 
is expelled by boiling. Boiled water becomes insipid, owing 
to the absence of the carbonic acid and other gases, which 
had been absorbed by it from the atmosphere. 

75. Carbonic acid does not support combustion: it ex- 
tinguishes the flame of all burning bodies. A lighted taper, 
introduced into a jar of this ffas, is immediately extinguished. 
The gas is so heavy, that it may be poured, like a liquid, 
upon a lighted taper, with the same effect of extinguishing 
it. The check upon combustion, produced by carbonic acid, 
is not owing to tne mere absence of oxygen ; for a candle 
will not bum in a mixture of four measures of atmospheric 

74. What are the general properties of carbonic acid gas ? How are aerated 
waters prepared? What is the reason of the insipidity of water which has been 
boiled?— 75. Is carbonic acid a supporter of combustion? How may it be 
proved that it is a heavy gas ? Is it combustible or incombustible ? 
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'air and one of carbonic acid. Carbonic add is mcomhus' 
'Hble, and cannot be made to unite with an additional por- 
tion of oxygen. It is a compound, therefore, in wnich 
carbon is in its highest degree of oxidation. 
■ 76. Carbonic add is irrespirable : it is fatal to animal 
life, when inspired. No animal can live in an atmosphere 
which contains suffident carbonic add to extinguish a 
lighted candle; hence, it is a usual practice to lower a 
burning taper into a well or pit, before descending into it ; 
if the taper continue to bum, no danger is apprehended. 
In the Grotto del Cane, the gas exhaled from the ground 
occupies the lowest stratum of about 18 inches, while the 
upper portions of the air are pure ; for the instruction of 
strangers, a dog and a man are introduced into the caTO ; 
the dog dies, the man is unaffected. But the incautious 
inhalation of the yapours of charcoal in close apdrtments, 
and in the large vessels of breweries and distilleries, has 
afforded numerous examples of the fatal effects of carbonic 
acid upon man. It acts upon the animal system like a nar- 
cotic poison. Carbonic acid may exist in the atmosphere in 
sufficient quantity to produce insensibility, without being 
sufficient to ex^guish flame. 

77. The presence of carbonic acid is tested by means of 
iime'Water. The lime combines with the acid, forming car- 
bonate of lime, which renders the solution turbid, and forms 
a white flaky precipitate. Lime-water is frequently em- 
ployed to remove carbonic add from gaseous siixtures 
which contain it. 

78. Carbonic acid gas has been condensed into a limpid 
colourless liquid, under a pressure of thirty-six atmo- 
spheres at 32° F. Thilorier lately discovered that at — 
1480 F., carbonic add becomes solid, and remains in this 
condition for some minutes, even when exposed to the air, 
without compression. Its elasticity, which in a liquid 
state is so great as to produce an explosion equal to that of 
the same weight of gunpowder, is destroyed by solidification, 
and the new solid is gradnallv dissipated by evaporation. 
Another curious fact is, that this gas is solidified by its sud- 



76. What is the effect of carbonic acid on respiration ? Explain the pheno. 
mena which occur on entering the Grotto del Cane? What is the effect of 
this gas on the animal system ?— 77. How may the pressure of carbonic add 
be tested ?— 78. Under what drcomstances can this gas be reduced to the solid 
state? 
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dodtf {MflBUDg from die liquid to die t 
«p|imeh of its mdeeoln, irfiidi renden : 
esnaedby die ezpuiWMi of a B^ud iHiich oecnpies i 
taneood jT a space Ibor hiuidied dinei grcelcr Uiaa its origio^ 
Tolnme. Ka jet of liqidd caibonic add be directed into a 
small glass Tial, tlus becomes lapidly and ahnost entupdy- 
filled with a niute floccakiit powdeiy sobstaBoe» wfaicb ad- 
heres so strongly to the glass diat it cannot be remored 
withoot breaking the botde. A firsgment of ao^ carbonic 
add, sligfady touched by the in^, glides ra|udly over a 
polished snmce, as if it were laued by the gsseons atmo- 
sphere which constandy sorroonds it, until it entirely disap- 
peers. If a small qnaatity of this sabstaace be introduced 
uto a smsll flask, henneticslly stopped, the interior becomes 
filled widi a thic^L yaponr, and the stopper is Tiolendy ex- 
pelled. Solid carbonic add is completely evaporated, and 
only rarely a slight humidity remains, which must be at- 
tributed to the action of the air <m a very cold body, of 
which die temperature is below that at which mercmj 
freezes. Its abundance, and the nromptitude with which it 
duoed in cavities, where ndther air nor watery vapour. 



held in it, can penetrsie, are characters which cannot be 
mistaken. 

79. Wboife*s Apparatus.^-lt is sometimes desirable to 
impregnate water, for medicinal purposes, with carbonic ac^id. 
A saturated solution of this gas may be made by transmitting 
a streaii of it dirough a vessel of 
cold water during the spsce of half 
an hour. This operation may be 
conveniently performed by means 
of what is called Wooife*s Jppa- 
ratuB, This, in its simplest form, 
consists of three bottles, mounted, 
with tubes, as represented in the 
figure, in a mahogany tray. The 
botdes are half filled with water. 
The vapour from a receiver or a 
retort is conveyed into the first 
botde; that portion of it which is 
not condensed in the water of this 
bottle, passes on by the bent tube 




Fis.lZ, 



79. How IIM7 water be impregnated with carbonic add, for medicinal pur. 
KMei ? Describe Woolfe'c Appantui. 
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into the second; and from this, if required, into the third; 
the portion of gas which is not absorbed by the last,- is con- 
veyed by a curved tube into an inverted jar placed in a pneu- 
matic trough, as in the figure on the title-page. Besides the 
bent tube, each bottle is provided with a safety tttpe, the lower 
extremity of which opens beneath the surface of the water, 
while the upper communicates with the atmosphere. The 
object of this tube is to prevent the fluid being forced back- 
ward into the receiver or retort by pressure of the atmo- 
sphere, in cases of sudden absorption ; for it frequently 
happens in chemical processes, from the irregularity of the 
heat, or other circumstances, that the condensation is more 
rapid in proportion to the supply of vapour at some period 
of the operation than at others. In such cases, air is sup- 
plied by means of the safety tube. 

80. Instead of this apparatus, a curved Welter's tube is 
now generally employed, as more convenient. In the figure 
on tbe title-page, which presents a us^iil modification of 
this apparatus, a is the receiver placed on a wreath of straw; 
c, dy two of Woolfe*8 bottles ; ^ a jar inverted in a mercu- 
riid trough/. Each bottle is furnished with a Welter's 
tube. Into these tubes water is poured, till the balls b, e, 
are half full. When absorption takes pla«e, the water rises 
in the ball till none remains in the tube, and then the air 
rushes in. On the other hand, no gas can escape, as it has 
to overcome the pressure of a high column of water in the 
perpendicular tube. In this apparatus, the vapour is con- 
densed in the receiver, and the gas passes on into the two 
bottles; the portion of gas which is not absorbed by water, 
or condensed at its exit irom the last bottle, is conveyed 
into the jar standing in the mercurial trough. 

81. Carbonic Oxide, — It has been stated that carbonic 
acid gas consists of two ecjuivalents of oxygen and onei of 
carbon. If a stream of this gas be transmitted over frag- 
ments of red-hot charcoal contained in an iron or porcelain 
tube, one equivalent of the oxygen is liberated, and the 
remainder is a compound of one equivalent of oxygen and 
one of carbon. This is carbonic oxide. It may be procured 
by various other substances, which deprive carbonic acid, at 



80. Describe the apparatus represented In the agure on the atle.page?— 

81. How naay carbonic oxide be procured ? When chalk and iron filings are 

mixed together and exposed to a red he^^ what chemical ehaoges take place ? 

£ 
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vuK \f y\»*: xrvL JiltBTt, be adoEed loeetiKr, 
^ ^ut^Wtn*;, w ft j)fxf JucaC a quMilJit of « 
ics\>\\*A^ witi^ juanr W cacJlwUad over ^ 
^^fSrtmtnu si ^at^i^min ^/ad wad. c auiMie i 
ii<«: ttuMsC ^Mff* viiit Eae-watier, the ad 
4i4; -K&iCii; jk kit m a itale «f pvity. Id 
^atfiusfSM: aM^ ike^AalkM emnpcrted i 
4iH ^vjtMtiflif Mcv^^s t»1kev 

^ tr4fiaiU» isfCathamc . 
^w>/ewfpm ftJif, It fiHMtfww ao add properties; mr docs it 
^Mttuutii^. I'M; «ifiK«e add, with the alkaBrin It is aot 
WMPi; MttuuMr IS vatCT duDi at ioospliCiic dr, nor las it ever 
V<>«ii( i^fwiMil Csrlmiie odde is i ii ibi ii iiuli l f ; it is ia- 
§mM< v^ % hj^uA Uftr^ ^btm^ tiie flame of a tqier iii- 
iMTMie Jtft. 3t ikeximgmabed; the prodaet of its eooibiistiaa 
J» «iirt#u«^ add. A Mtenre of cariwwiic wdde aad oijgta 
^»M* MMij^ W flHide to esjMie bj flame, bj a red-liot sofid 
i«^/^ ur\fj iAMif dtfelrie qofk. Carbonic oxide is iirespi- 
f^M', w» lOffwed, it aets on tbe sjstem as a poison. 
Hf. ¥fkUr ttiitm tbatf an making three or foor heutf in- 
«i|ittrati«nf «f tlui gas, after baving e k ha ns t ed tbe famgs of 
«MU»Mi air as nradi as posnble, tiie effeet nas an ineon- 
4ndfMr sodden dcpfivatioa of sense and volition; be Idl 
mt^Mem on d^ floor. 

gg^EwKdMWift.- (1.) If the dManoBd,iopported m a p e ilu r ated 
€mf, he iati st Ibe eod of a jet, fo that a stream of hjdrogen cm 
be tbrovD oa it» tt if esfjr, hj iiHhming tbe jet, to ignite the gem, 
sod wbiJft ia tlutt state to introdiice it into a globe or flask oon- 



; oxygen. On uormng off tbe hydrogen, the diamond enters 

wnboSioBy and will i^o on boming till nearly consumed. The 

loii of wdght, and comsponding production of carbonic acid, are 



thus beaitfifaUy shown. The experiment is intended to prove that 
the diamond is capable of supporting its own combustion in oxygen, 
without tbe continued application of extraneous heat. 

(2.) Pot into a pint joff a very little water, about half an ounce 
of sulphuric acid, ana a utSe chalk, or powdered marble-^«arb<mie 
add gas will be produced. If, when the effervescence has ceased, 
the fas be cautiously poured into a tall jar, containing a small 

83. WbatarettiepropertletofcartxniicoKide? 
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lighted taper, the taper will be as effectually eztinguished, as if 
water had been employed. 

(3.) Make a little charcoal perfectly dry, pulverize it very £ne, 
and put it into a warm tea-cup. If some strong nitrous add be 
now poured in, so as to trickle down the inner side of the vessel, 
and mix with the' charcoal, it will bum rapidly, giving out a beau- 
tiful flame, and throwing up the powder so as to resemble a brilliant 
firework. 

(4.) Let a receiver be filled with ozyj?en gas, and inverted in a 
shallow pan of water. To the stopper of the receiver suspend by a 
wire a piece of charcoal, which has been previously ignited, and 
immerse it quiddy into the gas. The charcoal will bum with bril- 
liant coruscations. When the combustion is over, the oxygen gas 
will be found to have been consumed, and the water to be impreg- 
nated with carbonic acid gas; and if some transparent lime-water 
be poured in, the whole o^ the liquid will become opaque from the 
cart)onate of lime now formed. 



CHAPTER VI. 

OP SIJLPHUB. 

84. General Remarks* — Sulphur is one of the few sub- 
stances which exist naturally in an elementary state. It 
occurs in great quantities in the mineral kingdom ; it is ex- 
haled from volcanoes in a pure state, or in combination with 
hydrogen, in which state it forms a very deleterious gaseous 
compound, called sulphureted hydrogen; it condenses in 
fissures in the neighbourhood of volcanoes, and is there 
found in a massive state, constituting sulphur veins, from 
which the principal part of the sulphur of commerce is 
obtained. Sulphur is found in great abundance in combi- 
nation with several metals, as iron, lead, copper, silver, 
antimony, and zinc ; and it may be procured in large quan- 
tities, by exposing the iron ore, called tron pyrites, to a red 
heat in close vessels. Sulphur is also found, in a greater or 



84. In what forms does sulphur occur in nature? From what source is the 
sulphur of commerce principally obtained ? 
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less proportion, in most animal, and in many yegetable, 
products ; a small quantity is always found associated with 
albumen, in the liquid state in the egg, in the solid state in 
the hair. 

85. Preparation of Sulphur, — In order to obtain sulphur 
in a pure state, it must be sublimed (p. 20) in a vessel 
called an alembic. This apparatus 

consists of a body b, to which is fitted Q 

a head a of a conical shape, haying -f^« i*- ^§ 
its base depressed lower than the neck y^a\ 

of the body, so that the vapours which //^tTT 

rise, and condense upon its sides, run ^y^ j I 

down into the circular channel formed ^//^ / V 

by its depressed part, and are thence ^ I b \ 
conveyed by the nose or beak into a f j 

receiver. The sulphur is put into the \^J 

lower part b. The alembic is then 
placed in a vessel of sand, called a sand'bathj and this is 
heated b^ a furnace. By means of the sand-bath, the 
sulphur IS fused more gradually and equably, than by 
placing it directly over a fire. When sufficiently heated, 
the sulphur rises in the form of a thick, white vapour, and 
condenses on the sides of the head in the form of a fine 
yellow crystalline powder, commonly called^ow^r^ ofsul^ 
pkur ; from the mmuteness of its particles it is sometimes 
called y7our of sulphur. On washing this substance several 
times with water, pure sulphur is obtained. 

86. Properties of Sulphur. — Sulphur, in its simple state, 
is a solid body, of a yellow colour, withoat taste or smell, 
but emitting a peculiar odour when rubbed. It is remark- 
ably brittle : a roll of it, held in the band, frequently breaks 
with a crackling sound. It is a non-conductor of ^ec- 
tricity, and is excited negatively by friction. It fuses at 
226^, and between this temperature and 280® it forms a elear 
liquid of an amber colour. When melted and thrown into 
c^ndrical moulds, it forms the roll sulphur of conunerce. 
At near 820** it begins to thicken, and acquires a reddish 
tint ; and, between 428° and 482?, it becomes so thick that 
the containing vessel may be inverted ynthout the sulphur 

85. How is sulphur prepared? What is an alembic f What is meant by 
Jhvers ^sutokurf-M. What are the general properties of sulphur? What 
are the peculiar effecU 6f diiferent degrees of beat upon lulpbur? What is 
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runniDg out From 482^ to its boiling point, it again be>- 
eomes liquid, though not to the same extent as at 248^ 
When heated to 428% and poured into cold water, it acquires 
the consistency of softened sealing-wax, and is used for 
takine impressions from seals. Sulphur is exceedingly vola- 
tile ; it begins to evaporate before it is completely fused. 
At about 600% it volatizes rapidly, and its vapour condenses 
in close vessels in the form of the crystalline ^ot&er^ ofsuU 
phuTy above described. 

87. Sulphur is inflammable. When heated in the open 
air to d00o,< it is in&imed, and bums with a pale-blue light. 
In oxygen gas, its combustion is much more vivid, and its 
flame is of a much lighter colour. Even at \90^ it burns, 
but its combustion is so feeble that the quantity existing in 
gunpowder may be all consumed without explosion ; this 
may be effected by spreading out the gunpowder on a hot 
tile. In these cases, the sulphur combines with oxygen, 
and emits copious fames, consisting of sulphurous acid, 
a substance possessing remarkable bleaching properties. 
Owing to its power of exhausting the oxygen of a confined 
portion of air by its combustion, and to the negative in- 
fluence which sulphurous acid exerts upon the combustion 
of other bodies, sulphur is sometimes employed to ex- 
tinguish combustion, as when a handful of lump sulphur is 
dropped into a burning chimney for the purpose of extin- 
guishing the combustion. 

88. Sulphuric Add, — lliis important compound, fre- 
quently called oil of vitriol^ consists of 1 equiv. of sulphur 
and 3 of oxygen. It is prepared by burning sulphur, pre- 
viously mlx^ with other materials, in close chambers made 
of sheet lead. The subjoined figure, presents one of the 
most approved forms of the apparatus employed for this 
purpose, and affords an interesting illustration of chemical 
operation upon a large scale. In this figure, a represents a 
water boiler, with its furnace for supplying the chamber 
with steam ; 6 is a section of a small furnace, called the 
burner, upon the floor of which the sulphur burns, and in 



87. At Tfhat temperature Soes sulphur exhibit the phenomena of combus- 
tion? Prove that its combustion is feeble. What is sulphurous acid. Upon 
what principles is sulphur sometimes employed to extinguish combustion ? — 
68. What is the composition of sulphuric acid ? Explam the process of pre- 
part^ sulphuric acjd on the large scala By what ' name is sulphuric acid 
known in commerce ? 
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which there is a tripod, supporting an iron capsule, contain- 
ing the materials for nitric acid, viz. oil of vitriol, and nitre 
or nitrate of soda. As the sulphur bums, it forms sul- 
phurous add yapours ; and the heat of the burning sulphur 




Fig, 15. 

separates nitric acid from the materials in the capsule ; the 
two acids are thus mixed together, and are carried forward 
by the tube represented in the figure into the leaden cham- 
ber, where they meet with the steam also introduced near 
the same place from the water boiler. The nitric acid 
yields oxygen to the sulphurous acid ; the former, conse- 
quently, passes into a lower state of oxidation, while the 
latter passes into a higher state ; in other words, the nitric 
iacid becomes peroxide of nitrogen, while the sulphurous 
acid becomes sulphuric acid. The leaden chamber is 72 feet 
in length by 14 in breadth and 10 in height, and is divided 
into compartments by leaden partitions placed across it, two 
of which, d and /, are suspended from the roof, and reach 
to within six inches of the floor, while the centre one e is- 
fixed in the floor, and rises to within six inches of the roof. 
The gases which are uncondensed in the process pass off by 
a conduit tube g, which communicates with a tall chimney. 
The partitions serve to detain the vapours, and regulate 
their passage through the chamber, so that the sulphuric 
acid may be deposited before the vapours reach the conduit 
tube. A continuous current of air is transmitted through 
the chamber, in order to support the combustion uninter- 
ruptedly. The introduction of the steam supersedes the 
necessity of covering the floor with water previously 'to com- 
mencing the process. The acid thus prepared, is further 
concentrated in open leaden pans, till it begins to act upon 
the metal, and aiterwards in retorts of platinum or glass. 
It still retains small quantities of nitrous acid and sulphate 
of lead, which may be removed by dilution with water and 
a second distillation. The acid is then in its most concen- 
trated state, and consists of one atom of acid and one of 
water, the latter of which cannot be separated by heat. 
This is the oil of vitriol of commerce. 
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89. Properties of Sulphuric Acid. — The concentrated 
Oil of Vitriolj as prepared by the above process, is a dense, 
colourless, oily liquid, whicn boils at 620^, and freezes at 
— 29°. It is one of the strongest of acids, and separates 
almost all others from their combinations. In its undiluted 
state, it is highly corrosive. It decomposes most organic 
substances, by the aid of heat, causing deposition of char- 
coal and formation of water. It has a strong sour taste, 
and reddens litmus paper even when greatli^ diluted. In its 
concentrated state, it dissolves small quantities of sulphur, 
and acquires a blue, green, or brown tmt. Charcoal is also 
soluble in it to a small extent, communicating to it at first 
a pink, and afterwards a dark reddish-brown tint. It has 
a great affinity for water, with which it combines with the 
production of intense heat. In consequence of its affinity 
for water, it causes the liquefaction of snow, and, if mixed 
with it in certain proportions, produces intense cold. It ab- 
sorbs watery vapour with avidity from the air, and is for this 
reason employ^ (or freezing water by its own evaporation. 
The presence of sulphuric acid in a liquid may always be 
detected by means of chloride of barium ; a white precipi- 
tate is formed, caUed sulphate of baryta, which is insoluble 
in acids and in alkalies. Sulphuric acid combines with 
bases, forming salts which are called sulphates, 

90. Experiments, — (1.) If six grains of chlorate of potash, and 
three grains of sulphur, be rubbed together in a mortar, detonation 
will be produced, accompanied with vivid flashes of hght. If these 
substance? be mixed together in the proportion of ten grains of the 
former to three or four of the latter, and a little of the mixture be 
dropped into a wine-glass containing sulphuric acid, a beautiful 
column of flame will be perceived at the moment of contact. 

(2.) Three parts of nitre, two of potash, and one of sulphur, mixed 
together by rubbing in a warm mortar, constitute a fulminating 
powder. If a Uttle of this mixture be placed upon a flre-shovel 
over a hot fire, it gradually becomes black, and at last melts, and 
at that instant explodes with a violent report. This mixture is not 
dangerous, like the metallic fulminating powders. 

(3.) The sulphurets decompose metallic oxides. Dissolve some 
sulphuret of potash in alcohol, and immerse a slip of white silk in 
the solution. If a drop of an aqueous solution of sulphate of man- 

89. What are the properties of sulphuric acid? "What results may be ob- 
tained from its affinity for water? How may its presence in a liquid be de. 
tected? What is the product of the application of the test? What are the 
salts of sulphuric acid termed ? 
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ganese be now applied,, fibres of metallic manganese, bright as sil- 
ver, will instantly appear. 

(4.) Pour a little sulphuric acid upon a small quantity of quick- 
silver in a glass retort ; apply heat, and sulphurous acid gas may be 
collected. 



CHAPTER VII. 

OF FHOSFHOKtJS. 

91. General Remarks, — Phosphorus is a pale amber- 
coloured substance, resembling wax in appearance. Its 
name is derived from p^t^ phos, light, and ^t^», pherein^ to 
carry, from its inflammable property. Phosphorus does not 
exist in an elementary state, but is obtamed b^ elaborate 
processes from various products. It exists in the mineral 
kingdom, in certain districts ; it is also found in most plants. 
Phosphorus appears to be the connecting medium, which 
unites organizadon with the miaeral constituent; for in 
combination with lime, it conslftutes bane^earth, or the 
solid basis of bone ; whereas, when phosphorus is absent, 
as in shells, and in other deposits of carbonate of lime, this 
substance seems to form no part of the living system. 

92. Preparation of Phosphorus. — Phosphorus is prepared 
by heading bones to whiteness, by which means their animal 
matter is destroyed, and the charcoal derived from the fire 
consumed; the bones then contain nearly 4-5^ oi phos* 
phate of lime. They are then reduced to a fine powder, 
and 2-3'*'* of their weight of strong sulphuric acid are added, 
with sufficient water to form a thin paste. On heating this 
mixture gently for several days, the phosphate of lime is 
decomposed ; the sulphuric acid combines with the greater 
part of the lime, forming an insoluble sulphate of lime, 
while another salt, the super-phosphate of lime, together 
with phosphoric acid, is held in solution. The insoluble 
sulphate of lime is then separated by filtration, and the add 



91. What is phosphonu P In what forma does it oocur in nature P How 
does it appear tW phoq>horas is the connecting medium between organisation 
and the mineral constituent ?— 92. How is phosphorus prepared? 
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solution IS evaporated to the consistence of a syrnp, mixed 
"with a fourth of its weight of powdered charcoal, and 
strongly heated in an earthen retort. The charcoal with- 
draws the oxygen from the phosphoric acid, forming car- 
bonic oxide, which is disengaged, while vapours of phos- 
phorus pass over, and are condensed in water, into which 
the beak of the retort is introduced. The phosphorus is 
then purified by melting it in hot water, and pressing it 
through chamois leather ; or by a second distillation. 

9S, Properties of Phosphorus, — Pure phosphorus is a 
soft ambep-coloured solid, the cut siurface of which has a 
waxy lustre. It melts at 108^, it boils at 550<>, and is con- 
verted into a colourless vapour. When fused at 150^, and 
suddenly cooled by being plunged in cold water, it appears 
black; but it recovers its original colour by fusion and 
gradual cooling. Phosphorus is exceedingly inflammable, 
Exposed to the air, it is gradually consumed, emits white 
vapours of a garlicky odour, and appears luminous in the 
dark; hence, it shbuld always be preserved under water. 
The combustion of phosphorus in pure oxygen does not 
take place, unless its temperature is about 80" ; but it takes 
place at as low a temperaJ^re as 60^, if the oxygen be di- 
luted with nitrogen, . hydrogen, or carbonic acid gas. A 
very slight degree of heat is sufficient to inflame phos- 
phorus in the open air. Gentle pressure between the 
fingers, friction, percussion, or a temperature not much 
above its point of fusion, kindles it readily. Letters or 
lines traced with it on paper appear luminous in the dark ; 
but there is danger in handling it, as it often takes fire, and 
produces a very severe bum. 

94. PhosphoricAcid, — When phosphorus is slowly burned 
in air, the principal product is phosphorous acid; this, how- 
ever, presently absorbs oxygen, and is converted into phos- 
phoric acid. — 1. Phosphoric acid may be conveniently ob- 
tained by setting fire to about a drachm of phosphorus in a 
little metallic cup, placed on a large plate, and immediately 
covered by a very large dry bell jar. The phosphorus is 
converted into white flakes of phosphoric acid, which fall 
upon the plate like snow.— 2. Phosphoric acid may be pre- 



ss. What are the properties of photphoras? By what circumstances is its 
eombuition determined ?— S4. What is phosphorous acid ? What is phosphoric 
acid ? How may it be prepared ? What are the properties of phosphoric add ? 
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pared at a cheaper rate from bones. These are to be cal- 
cined, reduced to powder, and mixed with oil of vitriol 
diluted with water, as described for the preparation of phos- 
phorus. The filtered solution is then boiled for a few 
minutes with carbonate of ammonia ; a phosphate of am- 
monia is thus formed, which, on being evaporated to dryness, 
and heated to redness in a platinum crucible, yields a hy- 
drated phosphoric acid in a fused state. This is termed 
glacial phosjfihoric acidj from its resemblance to ice. From 
all that has been ascertained upon the subject, it appears 
that phosphoric acid has hitherto been obtained only in com- 
bination with water, or some alkaline base. — Phosphoric 
acid is colourless, and of an intensely sour taste ; it reddens 
litmus strongly, and neutralizes alkalies ; but it has no cor- 
rosive effect upon the skin. 

95. Experiments. — (1.) If any light substance capable of conduct- 
ing heat be placed upon the surface of boiling water, and a piece of 
phosphorus be laid upon it, the heat of the water will be sufficient 
to set the phosphorus on fire. 

(2.) Put a piece of phosphorus into a small phial, then fill it one- 
third with boiline oUve oil, and cork it close. Whenever the stop- 
per is removed during the night, a sufficient quantity of light will 
be evolved to show the hour upon a watch. 

(3.) Pour a little phosphuretted ether upon a lump of sugar, 
and drop it into a glass of water, a little warm. The surface of the 
water will soon become luminous ; and, if it be moved by blowing 
gently with the mouth, beautiful and brilliant undulations of its sur- 
face will be produced, exhibiting the appearance of a liquid combus- 
tion. 

(4.) Put thirty grains of phosphorus into a Florence flask with 
three or four ounces of water. Place the vessel over a lamp, and 
give it a boiling heat. Balls of fire will soon be seen to issue 
from the water, after the manner of an artificial fire-work, attended 
with the most beautiful coruscations. 
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CHAPTER VIII. 

OF CHLOBINE. 

96. General Remarks, — Chlorine, in its eletcentary state, 
is a ffas ; but in this state it never occurs naturally. It h 
found, however, in great abundance in a state of combi- 
nation, constituting about 60 per cent, of ccrmmon salt; 
hence, the properties of the waters of the ocean depend upon 
the universal diffusion of this element throughout them. 

• Chlorine was discovered by Scheele, who termed it dephlo- 
gisticated marine acid; by the French chemists it was 
called oxy^muriatic acid; but, according to the new theory, 
it was determined by Davy to be a simple element ; the name 
it now bears is derived from x^t^t chloros, green, in allu- 
sion to its yellowish-green colour. 

97. Mode of preparing Chlorine. — Chlorine gas is con- 
veniently prepared by the action of hydrochloric acid upon 
peroxide of manganese, (Hydrochloric acid, or muriatic 
acid, as it is also called, is a solution in water of hydro- 
chloric gas, a compound of chlorine and hydrogen. Per- 
oxide of manganese consists of the metal of this name in its 
highest state of oxidation.) On mixing in a flask 2 ounces 
of the peroxide with 6 ounces of the acid, diluted with 1 or 
2 ounces of water to prevent it from fuming, effervescence 
takes place, with the escape of gas, without the application 
of heat ; the evolution of the gas is, however, greatly pro- 
moted by the aj^plication of a gentle heat. The gas should 
be collected in mverted glass bottles over warm water at a 
temperature not below 90*"; cold water absorbs the gas, 
which then evaporates from the surface of the water in the 
pneumatic trough, to the great annoyance of the operator. 
The bottles, when filled, should be carefully closed, under 
water, with ground glass stoppers. The chlorine is freed 
from a portion of hydrochloric acid which passes over with 
it, by being washed with water. It is then pure chlorine 
^s. The changes which take place in this process are de- 
termined by the mutual aflinities of oxygen and hydrogen. 



96. What is Chlorine ? InTrhatform does it principally occur in nature?^ 
By what other names has it been designated ?— 97. By what process may it be 
prepared ? Explain the changes which talce place in the process. 
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and of chlorine and manganese, 
the following diagram : — 

Before Decomposition, 

rCblorine • - • 

L Hydrogen - - - 

COxygan - - - 

-s Maoeraneae • • 

C Oxygen - - - 

CChloriue - - - 

I Hydrogen - - 



They may be studied in 



After Decomposition, 

36 Chlorine. 

9 Water. 




64 Chloride of 
Manganese 

9 Water. 



37 Hydrochloric 

Acid 

44 Peroxide 

of 

Manganese 

37 Hydrochloric 

Acid 

118 118 

98. Properties of Chlorine. — Chlorine is a dense gas, of 
a yellowish-green colour, astringent taste, and suffocating^ 
odour, occasioning great irritation of the throat, even when 
largely diluted with air. It possesses no acid properties, 
and has little disposition to unite with alkalies. When 
forcibly and suddenly compressed, it emits heat and light, 
the latter being occasioned by chemical action of the chlorine 
upon the oil, by means of which the compressing apparatus 
is lubricated. Under a pressure of about four atmospheres, 
chlorine gas is condensed into a limpid yellow liquid, which 
does not freeze at the temperature of zero, and which re- 
sumes the gaseous form with a kind of ebullition on removal 
of the pressure. 

99. Chlorine does not combine directly with oxygen; 
these elements may be made to combine, but their mutual 
attraction is so feeble, that very slight causes effect their 
separation. Chlorine has a poweiful attraction for hydrogen., 
and forms with it an important compound, called hydro^ 
chlwic acid. Chlorine and hydrogen ma^, indeed, be mixed 
and preserved in the dark without combining ; but combina- 
tion is determined with explosion by the electric spark, by 
spongy platinum, by direct exposure to the solar ray, and 
without explosion in the diffused light of day. Chlorine de- 
composes water, under the action of light, or at a red heat ; 
and most of the chemical phenomena to which chlorine gives 
rise, are owing to its decomposing most bodies which contain 



98. What are the properties of chlorine ? Under what circumstances may 

chlorine be reduced to the liquid state ?— ^9. Under what circumstances do 

.chlorine and hydrogen combine ? Wliat is the action of chlorine upon water? 

Give an example of the indirectly oxidising agency of chlorine. Give examples 

of its being a supporter of combustion. 
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this element, i^ith the production of hydrochloric acid. If 
an ignited taper be introduced into a bottle of chlorine, the 
flame is extinguished, but the stream of oily vapour which 
rises from the wick is rekindled by the chlorine, and the 
hydrogenous portion of the combustible burns with a red 
and smoky flame, which is extinguished on exposure to the 
air. For the same reason, when chlorine, water, and some 
other body which has a strong affinity for oxygen, are brought 
together, water is usually decomposed, its hydrogen com- 
bining with the chlorine, its oxygen with the other body. 
Hence, chlorine is, indirectly, a most powerful oxidizing 
aj^ent. A slip of paper previously dipped into oil of turpen- 
tine, takes fire spontaneously in chlorine gas, and deposits a 
large quantity of carbon. Phosphorus becomes spontane- 
ously ignited m chlorine, and bums with a pale white light. 
Several of the metals, in the state of powder or thin leaves, 
are suddenly inflamed in this gas. Hence, chlorine is termed 
a supporter of combustion. ^ 

100. One of the most important properties of chlorine is 
its bleaching power. It destroys all animal and vegetable 
colours, and these, when discharged, cannot be restored; 
in this respect, chlorine differs remarkably from sulphurous 
acid. If a coloured flower, or a green leaf, be introdueed 
into chlorine, the colour suddenly disappears. Hence, chlo- 
rine, in combination with lime, is much employed as a dis- 
colouring agent in the modem process of bleaching cotton 
^oods. If a portion of bleaching powder y -or chloride of 
lime, be mixed with water in a wine-glass, and a smaU piece 
of printed muslin be dipped into it, and the glass left for 
some time in the sun, the muslin will. assume a dingy white 
appearance. It has been proved by Davy that chlonne will 
not bleach unless water is present : dry htmus paper under- 
goes no change in dry chlorine ; but, when water is present, 
the colour is rapidly discharged; and it has been also 
proved that in all cases in which chlorine bleaches, hydro- 
chloric acid is formed. Hence it is inferred, that, in this 
process, water is decomposed, that its hydrogen unites with 
the chlorine, and that the decomposition of the colouring 
matter is occasioned by the oxygen which is liberated. 



100. In what respect does chlorine difl^ from sulphurous acid, with regard 
to iu bleaching property ? Under what circumstances is chlorine a hleaehtair 
agent? VfhBX. [a bleaching powder? 
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101. Exp«rimenU,—(\.) If a few striDS of dved linen cloth« of 
different coloon, be dipped into a phial of chloric acid (a com- 
pound of chlorine and oxygen) » the colours will be quickly dis- 
charged. Few colours can resist the energetic action of this acid. 

(2.) Fill a glass jar, such as is generaUy used for deflagrating 
the gases, with chlorine gas. If nickel, arsenic, or bismuth, in 
powder, be thrown into this gas, and the tem^eratore of the atmo- 
sphere be not lower than 70 , the metal will inflame and continue 
to bum with the most brilliant combustion. 



CHAPTER IX. 

OP IODINE. 

102. Creneral Remarks, — Iodine is a crystallized solid, 
much resembliDg chlorine in some of its properties. Both 
are of marine origin, the latter existing m sea- water, the 
former chiefly in sea-plants, as in the fuci, the ulvse ; it also 
occurs in the oyster and in sponge. Iodine exists also in 
one mineral, a silver ore of Albaradon in Mexico. Iodine 
occurs in small quantities, and always in a state of combi- 
nation. The name Iodine is derived from hSim, iodes, violet- 
coloured, in reference to the beautiful violet- coloured vapour 
which it forms on volatilizing. 

103, Mode of preparing Iodine. — The Iodine of com- 
merce is procured from help, the ash which remains on in- 
cinerating sea-weeds. The sea-weeds are dried, and then 
burned in a shallow i)it, in which the ashes accumulate and 
fuse into a mass, which, when broken into lumps, consti- 
tutes help, and is employed by soap-manufacturers for mak- 
ing carbonate of soda. After this salt has crystallized from 
solutions of kelp, a dark oily liquor remains, called the 
iodine ley, which contains in a small bulk the iodine which 
was previously associated with the kelp. In this ley, the 
iodine exists m the form of hydriodic acid, a compound of 



102. What is Iodine ? In what substances is it found in nature ? What is 
the origin of the term ?— 103. From what substance is the iodbie of commerce 
procured ? Explain the process by which it is prepared 
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iodine and hydrogen, in combination with 8oda« Sulphuric 
acid is added to liberate the hydriodic acid; sulphate of soda 
is thus formed, and separated by cr^tallization, and several 
^ases are expelled at the same time. Hydriodic acid is 
thus procured in an impure form, and in solution. The 
ley, so prepared, is heated with peroxide of manganese, in 
order to separate the iodine. 

104. The apparatus employed for this purpose is repre- 
sented in the subjoined figure. The prepared lev is intro- 
duced into a leaden retort a, of a cylindrical form, sup- 
ported in a sand-bath, which is heated by a small fire below. 



Fig. le. 




The retort has a large opening at the top, to which is fitted 
a head b c, having two openings b and c, each closed by a 
leaden stopper. A series of bottles, each with two openings, 
connected together as represented in the figure, are used as 
condensers. The prepared ley being heated to about 140' in 
the retort, the manganese is introduced, and the head is then 
iuted to the opening of the retort. Iodine immediately be- 



104. Explain the changes which take place in this process. 
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gins to come off, and passes into the condensers. Addi« 
tional quantities of sulpburic acid or manganese are intro- 
duced occasionally at 6, if required. — The changes which 
take place in this process are the following. Iodine ejdeti 
in the form of hydriodic acid ; on heating this with peroxide 
of manganese, one portion of the acid unites with protoxide 
of manganese, separating oxygen ; this decomposes the rest 
of the hydriodic add, hy uniting with its hydrogen, and the 
iodine is liberated. The following diagram exhibits these 
changes : — 



Before Decomposition. After Decomposition, 

Hydrogen - - 1. y 9 Water 

Iodine - - ; 124 7^ 124 Iodine 




125 Hydriodic Acid - - • 

44 Peroxide of COxygen - 

Manganese CProtox. Mang. 3g ^ 161 Hydr. of Mang. 



105. Properties of Iodine. — Iodine is a soft opaque solid, 
of a bluish-black colour, usually in the form of crystalline 
scales. It fuses at 225°, and boils at 347° ; but it gradually 
evaporates at the common temperature, and more rapidly 
when moisture is present, difiusing an odour resembling 
that of chlorine. Its vapours are of a beautiful violet colour, 
which may be seen to g^eat advantage when a portion of 
iodine is thrown upon a hot brick. Pure water dissolves 
about 1-7000*^ of its weight of iodine, and acquires a brown 
colour ; alcohol and ether dissolve it freely, and assume a 
deep reddish-brown colour* Iodine has an acrid taste, and 
stains the skin of a yellow colour, which however disappears 
in a few hours. It acts energetically on the animal system 
as an irritant poison, but is employed medicinally with great 
advantage in minute doses. Iodine is a non-conductor of 
electricity; and, like oxygen and chlorine, is a negative 
electric. It is not inflammable ; but, like chlorine, may be 
made under favourable circumstances to combine with 
oxygen. It destroys vegetable colours, though in a less 
degree than chlorine. It has a strong attraction for the 



105. What are the properties of Iodine ? In what respects does it resemble 
chlorine? By what means is the presence of Iodine detected ? What is the 
ralw of the test f 
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pure metab, and for most of the simple non -metallic sub- 
stances, producing compounds which are called iodides or 
iodurets. Iodine combines with ox;^gen, but its compounds 
are of little importance. Pure iodine is unaffected by the 
imponderable agents. The presence of iodine is indicated 
by its violet-coloured vapour. But its presence is most 
delicately tested by starch, with which it forms an insoluble 
compound of a deep-blue colour ; so delicate, indeed, is this 
test, that a liquid containing 1-450,000^ of its weight of 
iodine receives a blue tinge from a solution of starch. 



CHAPTER X. 
OF 'bromine, fluosine, boson, selekium, 

AKD SILICON. 

106. Bromine. — ^Bromine, under ordinary circumstances, 
is a deep red-coloured liquid, formerly called muride; its 
present name is derived from /3mI/m^ bromos, a rank odour, 
m reference to its strong ana offensive scent. It exists 
{principally in solution, being present in very minute quan- 
tities in sea- water in combination with sodium or magne- 
sium, in the water of the Dead Sea, and in nearly all the 
saHne springs of Europe. It occurs also in marine plants 
^growing on the shores of the Mediterranean, and in the 
ashes of sea- weeds which yield iodine. It has also been 
discovered in the ashes of some molluscous animals. The 
chemical relations of bromine are very analogous to those 
of chlorine and iodme ; with the former of these it is 
always foimd associated in nature, and sometimes with the 
latter. Bromine, like chlorine, possesses bleaching pro- 
perties, and discharges the blue colour from a solution of 
mdigo. Some inflammable substances take fire by contact 
with bromine, in the same manner as when introduced into 
chlorine. Bromine acts powerfully on organic substances, 
I 

IM. What if Brominer VHtai is its deriTatioDp How does it occur in 
nature P What are its properties P In what respect does it resemble chlorine ? 

F 
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corroding the animal texture, and imparting a trapnent 
yellow stain to the skin. It is destructive to animal life : a 
drop placed on the beak of a bird has proved fatal. Bro- 
mine forms a yellow compound with starchy which affords a 
valuable test of its presence. 

107. Fluorine, — ^Yeij little is known of Fluorine. It has 
not hitherto been obtained in an elementary state ; its ex- 
istence, therefore, has been rather inferred than proved. It 
occurs principally in the mineral called fluof'spar^ in a 
state of combmation with lime. A trace of it also occurs in 
the enamel of the teeth, and in the bones of animals. Fluo- 
rine, like oxygen and chlorine, appears to have a strong- 
afl&nity for hydrogen and metallic substances. Hydrofluoric 
acidf the compound of fluorine and hydro^n, is the most 
destructive of all known substances to anunal matter : a 
drop of the concentrated acid applied to the skin produces 
immediate disorganization and maliniant ulceration. The 
diluted solution, or the vapour of hydrofluoric acid, acts 
energetically on glass, and is sometimes employed for the 
purpose of etching on this material. 

106. Boron. — -Boron, in its elementary state, is a deep 
brown powder, and has some analogy to carbon. It is 
only found in combination with oxygen, in the form of 
boracic acid, which in the condition of a salt of soda, is 
brought from India in a crude state under the name of 
tinkalf and, when purified, is termed borax. Borax exists 
in small quantities ; in the impure state, it forms a saline 
incrustation in the beds of some small lakes in Thibet, 
which dry up during summer. Free boracic acid occurs in 
more considerable quantities in a district of Tuscany, where 
it is condensed from vapours of volcanic ori^. Boracic 
acid is found in the hot springs of Lipari. It enters also 
into the composition of several minerals. 

109. Selenium. — Selenium is a brittle, opaque, solid sub- 
stance, generally found associated with sulphur. It is one 
of the least abundant of the elements, but is found in mi- 
nute quantity in the ores of several metals in Sweden and 
Norway. It is sometimes detected in sulphuric acid. Sele- 



107. In what state does Fluorine occur naturally P What is hydrofluoric 
acid? What are its properties ?— 108. WhatiB Boron f In what form is it 
found in nature ? What is <tnJSra/^ What is ftorojrf Whence is borax pro. 
cured? Where is boracic acid found?— 109. What is Selenium f To what 
elementary substance is Selenium allied ? What is the origin of the term ? 
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nium somewhat resembles sulphmr in its properties; or, 
rather, it appears to be a kind of connecting link between 
sulphur and the metals. The process by which Selenium is 
separated from its combinations with sulphur and metals is 
very complicated, and cannot here be described. Its name, 
'Selenium, is derived from nXmv, selene, the moon, on 
account of its strong analogy to another element, telluri- 
um, which derives its name from telluSf the earth. 

110. Silicon, — Silicon is the elementary basis of silex or 
common flint, one of the most abundant minerals in nature, 
constituting the groundwork, as it were, of our globe. It 
does not exist in an elementary state. It is procured in the 
form of a brown powder, and much resembles boron in ap- 
pearance ; these two substances appear to be more nearly 
allied to carbon, than to any other elementary bodj. By 
combustion, silicon combines with oxygen, and is con- 
verted into silex, which is by some chemists considered to 
be an acid. Silex is found in small quantities both in plants 
and animals ; but does not, like oxygen, hydrogen, nitrogen, 
and carbon, form a constituent element of organized beings. 

111. Silicon combines with oxygen in the proportion of 
one equivalent of the former to three of the latter, and 
forms Silicic acid. This compound, which is known also by 
the names Silica and siliceous earth, enters into the com- 
position of most of the earthy minerals ; it is the chief in- 
gredient of sand, and of the varieties of sandstone, of cal- 
cedony, rock crystal, &c., and, under the name of quartz, 
forms independent rocky masses. Silicic acid forms several 
important compounds, called silicates, Vith the fixed alkalies 
and various metallic oxides. Every kind of ordinary glass 
is a silicate -, the varieties of glass depend on the nature of 
the alkali or oxide, the proportions of the constituents, and 
the admixture of foreign matters. Thus, with three parts 
of carbonate of potassa and one of silica, a glass is formed 
which is soluble in water and deliquescent ; if an excess of 
silica be employed, the glass is insoluble in water. Com- 
mon bottU glass consists of impure silica, as common sea or 
river sand, which contains iron, and the most common kind 
of kelp or pearl-ash. Window ^glass is made from a 
purer silica and a purer alkali. Plate-glass, employed for 



no. What in Silictmr What is Silex f—llU What U Silica f State the 
composition of the different kinds oX glass. 
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looking^-glasses, is made from sand and alkali in tbeir i 
state. Flint-glass contains, besides these pure ingp-edients, 
a considerable quantity of red lead. Flint-soap is a Tariety 
of silicated alkali, produced by boiling finely powdered flint 
with potassa or sodk. 



CHAPTER XI. 



A 

... 



t 



OF CERTAIN COMFOTJNDS OF HYDBOGEK WITH TH£ 
NON-METALLIC ELEMENTS. 

112. .^imiiumta.— Ammonia is a compound of hydrogen 
and nitrogen, and may be procured from a mineral sub- 
stance, well known under the name of Sal- Ammoniac from 
its having been first prepared in the district of Ammonia, in 
Libya ; in chemical language it is termed, mu- 
riate of ammonia. If some of this substance be 
pulverised, and mixed with an equal portion of 
unslaked ^uick-lime, also in the state of powder, 
and the mixture be introduced into a glass flask a, 
into the mouth of which is inserted a tube of a 
foot or more in length ; if a tall bell-glass b, be 
inverted over the tube, and gentle heat applied 
to the flask, the muriatic acid of the munate of 
ammonia will combine with the lime, and am- 
monia be set at liberty ; this gas being lighter 
than atmospheric air, will ascend, gradually dis- 
place the air from the bell-glass, and take its 
place. Ammonia, as thus produced, is a colour- 
less gas, consisting of 1 vol. of nitrogen and 3 
vols, of hydrogen, which, bv combination, are 
condensed into ^t&o volumes of the compound gas. 

113. Ammonia possesses all the properties of an alkali in 
a very marked degree, and is often called the volatile alkali^ 
a term denoting that it is raised by distillation, and distin- 



<^ 




Fig. 17. 



112. What it Ammonia? How may it be prepared?— 11 3w What are the 
pxnperties of ammonia? Why Is it called the volatile alkali ? What is spirit 
of hartshorn? 
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guishing it from the fixed alkalieSy potash and soda, which 
are left in the ashes of inland and marine plants respec- 
tively. Water ahsorhs several hundred times its hulk of 
this gas : a piece of ice introduced into a jar of ammonia 
is instantly liquefied, and the gas disappears in a few 
seconds. The concentrated solution of ammonia, formed 
by transmitting the gas into distilled water, so long as it 
continues to be absorbed, is well known as the pungent 
liquid called spirit of hartshorn^ being generally prepared 
from the horns of anmials, and other animal matters ; it is 
also called liquor ^ or aqua ammonite ; and incorrectly, 
liquid ammonia. Under a pressure equal to 6*5 atmo- 
spheres, and at the temperature of 50°, ammonia is con- 
densed into a transparent colourless liquid; on removing 
the pressure, it again expands and assumes the gaseous 
state. Ammonia, in a pure state, is irrespirable. It extin- 
guishes the flame of burning bodies, and is itself inflam- 
mable in a very low degree. 

1 14. Light Carlmreted Hydrogen,-^T\as gas, frequently 
termed heavy inflammable air, marsh- gas , asid fire-damp, 
consists of hydrogen and carbon, and may be readily pro- 
cured by stirring the mud at the bottom of stagnant pools, 
and collecting the gas, as it escapes upwards, in an inverted 
glass vessel. In this state it contains 5 per cent, of carbonic 
acid gas, which may be removed by means of lime-water ; and 
nearly the same proportion of nitrogen. Light carbureted 
hydrogen often accumulates in coal mines, where, through 
defective ventilation, it gradually mingles with atmospheric 
air, and forms a mixture which explodes by the contact of 
flame. Light carbureted hydrogen consists of 1 vol. of car^ 
ban vapour and 2 vols, of hydrogen 3 but its combining 
measure and equivalent are unKnown. It is a tasteless, and 
nearlr scentless gas ; it is irrespirable, and it extinguishes 
the mune of all burning bodies ; it is highly inflammable, 
and bums with a strong yellow flame. 

115. Safety Lamp, — The accidents, formerly so frequent 
and so fatal in coal mines, arising from explosions of light 
carbureted hydrogen, led to the invention of the Safety 
Lamp, Davy found that the inflammable gas would not 



114. What is light carbureted hydrogen? In what titaationB does it occur ? 
—115. Upon what principles was the safety lamp constructed? Explain the 
oonstruaion of the safety lamp. 
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explode, if mixed with less than 6, or with more than 14 
times its volume of atmospheric air; that neither red-hot 
iron nor red-hot charcoal was capable of exploding it ; that 
the explosive mixture could not be fired in tubes of l-?*** 
of an inch in diameter ; and that metallic tubes prevented 
explosion better than tubes of glass. Upon these principles 
he constructed the Safety Lamp, a figure of which is here 
represented. A piece of fine tDire-gauz^ may 
be regarded as an assemblage of short nar- 
row tubes, which are impermeable to flame ; 
consequently, a lighted lamp, completely 
surrounded by a cage of wire^gauze, may 
be introduced into the explosive atmosphere, 
without fear of kindling it. Further than 
this, the safety lamp indicates to the miner 
the precise moment of danger. When car- 
ried into an atmosphere of light carbureted 
hydrogen, the flame of the lamp begins to en- 
large ; and the mixture, if highly explosive, 
takes fire as soon as it has passed uirough 
the wire-gauze, and bums on its inner sur- 
face, while the flame of the lamp itself is ex- 
tinguished. This is the signal for the miner 
to withdraw ; for, although the flame should 
not be able to communicate with the explo- 
sive atmosphere surrounding the outside of 
the lamp, so long as the texture of the gauze 
remains entire, yet the heat evolved during 
the combustion within is so great, that, in 
a few minutes, the wire would undergo oxidation and fiiU 
to pieces. 

116. — The principle upon which wire^gauze prevents the 
communication offlamCy may be readily explained. Flame 
is gaseous matter heated so intensely as to become lumin- 
ous ; and Davy found that this, degree of heat is greater 
than that of solid bodies heated to whiteness. Now, the 
metals are rapid conductors of heat ; when the flame, there- 
fore, comes in contact with the wire gauze, its temperature 
is so reduced by the conducting power of the metal, that,, 
although the gas passes freely through the interstices, and 




^.ISw 



116. Explain the principle upon which wire.gauie prevents the communlca. 
tion of flame. Illustrate this principle by experimenta 
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is still very hot, it is not sufficiently so to become luminous. 
That wire-gauze does completely intercept the flame of a 
burning body, may be proved by the following simple ex- 
periments. 1. K a piece of thick iron or brass 
wire be bent into a little ring, as represented in 
the figure, and this ring be gradually lowered over 
the flame of a candle until it surrounds the wick, 
the flame will be extinguished, owing to the wire ^' ^9- 
conducting away the heat with such rapidity, that the 
easeous matter is cooled below the temperature necessary 
for flame. 2. If a piece of wire-gauze be placed over the 
flame of a lamp, as m the subjoined figure A, the hand may 



^-^ m^ 



k 




Fig.n, 



be applied above the gauze as near to the flame as possible, 
without injury ; but, on removing the gauze, the heat can- 
not be endured by the hand in tibis position for a moment. 
3. If a bottle be filled with an inflammable gas, and a 
slender pipe be fitted to its neck, the gas may be.infiamed 
as it escapes. If a piece of wire-gauze be held over the 
flame, as at A, the flame will be flattened, but wiU not pass 
through the gauze. If, on the other hand, the gas be in- 
flamed abave^ the gauze, as at B, it will bum freely, but 
ihe flame will not be communicated through the gauze to 
the contents of the pipe. 4. It is also found that the flame 
of coal-gas is incapable of passing through a sheet of wire- 
ffanze, containing not fewer tlum 400 holes in the square 
mch. 
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1 17. Coal and Oil Gases. — These gases are procured from 
coal and oil, by heating them to redness in an iron retort. 
The illuminating power of a gas is in proportion to the 
quantity of carbon it contains. Thus, the flame of pure 
hjfdrogen affords a very feeble light ; when combined with 
one proportion of carbon, in the form of light carbureted 
hydrogen, its liffhtis gpreatly increased; and, when com- 
bmed with another proportion of carbon, in the form of 
ol^fiant gas, it affoids a brilliant and intensely luminous 
flame. It is also found that, the greater the density of the 
gas, the richer it is in carbon^ and the more brilliant, conse- 
quently, will be its flame. The comparative illuminating 
powers of gases may, therefore, be esomated, by determin- 
ing the relatiTe quantities of the denser carburets of hydro- 
gen which enter mto their composition. Coal-gas contains 
less of the heayy carburets of hydrogen than oil^gas, and 
has, therefore, feebler illuminating powers. Oil consists 
principally of carbon and hydrogen, and therefore yields a 
gaseous product of comparative purity. Coal, on the other 
hand, contains a large quantity of oxygen and nitrogen, 
and hence, besides the heavy carburets of hydrogen, nume- 
rous compounds are formed, which are not only useless, but 
positiyely prejudicial to illumination. 

118. Structure of Flame. — It has been already observed 
ihaXJlame is gaseous matter heated so intensely as to become 
lummous. Hence, the more completely the gaseous matter 
is consumed, the more intense and perfect will be its light. 
This will be readily understood from considering 
the structure of flame. The flame of a spirit lamp, 
of a candle, or of a gas jet, consists of three parts, 
or cones, as represented in the adjoining figure. 
1. The innermost part, a, is a hollow cone, and 
conusts of the combustible material in a state of 
vapour. . 2. The Intermediate part, b, is the lu- 
minous portion of the flame. The combustion of 
the materials is, however, not complete in this 
part, the supply of air being insufficient for that 



117. Upon wfaatdoM the lllumlnatingr power of a gas depend? State the 
comparatiTe illuminating powers of hydrogen* ll^t carbureted hydrogen, 
olefiant gas, coaLgas, and oiLgas.— 118. What is flame ? Describe the three 
parts of which a flame coDsisU. What is the deoxidising flame ? Which is the 
oxidising flame? 
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purpose ; it is the hydrogen principally which hums, the 
carbon being separated in solid particles, which are heated 
white hot from the combustion of the gas, and give the lu- 
minousness to the flame ; hence, Davy described luminous 
flame as always containing solid matter heated to whiteness. 
This part of the flame, possessing an excess of combustible 
matter at a high temperature, is a powerful agent in remov- 
ing* oxygen from metallic oxides, and reducing them to their 
metallic state. Hence this portion is called the deoxidizing 
flame. 3. In the external cone, c, the deposited carbon 
meets with oxygen from the surrounding atmosphere, and is 
entirely consumed. The greatest heat of the flame is foupd 
within this cone, near the point of b. The outermost part 
of the flame, being mixed abundantly with the oxygen of 
the air at a high temperature, is the proper part for kindling 
a combustible, and is called the oxidizing flame. Its pro- 
perties are the reverse of those of the intermediate cone. 
According to the above account, a represents a cone of 
vaporized combustible ; b, the sphere of partial combus- 
tion ; and c, the sphere of complete combustion. — Graham^ s 
Chemistry, p. 424. 

119. Argand Burner, — ^In the Argand Burner, which is 
a lamp with a circular wick, and named from its inventor, 
complete combustion is promoted, by allowing 
the air to enter freely within, as well as on the 
outside of the inflammable matter. A result 
of the circumstances which determine the quan- 
tity of light 'from difierent flames, is, that the 
larger the flame till it begins to be smoky, the -^ 
greater is the proportion of light obtained from ^* 

the consumption of the same quantity of gas. It has been 
found that an Argand burner, supphed with 1^ cubic foot 
of ffas per hour, gives as much tight as a single candle ; 
with two cubic feet per hour, the light is equd to that of 
four candles; and with three cubic feet, to that of ten 
candles. Hence Argand and other burners, in which a con- 
siderable quantity of gas is burned together, are more 
economical than plain jets. 

120. Sulphureted Hydrogen, — Sulphureted hydrogen, or 
hydrosulphuric acid, is a gas, consisting of hydrogen and 

119. What is the principle of the Argand burner ?— 120. What is sulphureted 
hydrogen ? Hovr may it be prepared ? JWhat are its properties ? 
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sulphur, which is evolved in great quantities from tiie earth 
in volcanic districts, and in smaller quantities from decaying: 
animal matters. The gas may he procured by the action of 
sulphuric acid upon sulphuret of iron. It consists of 2 vols, 
(^hydrogen, and l-S*^ vol. of sulphur vapour, which are 
condensed, by combination, into 2 vols, of the compound gas. 
Under a pressure of 17 atmospheres at 50**, sulphureted 
hydrogen is condensed into a limpid colourless liquidy which 
resumes the gaseous form on removal of the pressure. 
This gas is very injurious to animal life : birds perish in an 
atmosphere containing 1-1500*'', a dog in air containing 
1-800^^, and a horse in air containing 1-250^^, of its volume 
of this gas. Sulphureted hydrogen extinguishes flame, but 
is itself highly combustible, burning with a pale-blue flame; 
its combustion is attended by the formation of water and 
sulphurous acid, and the deposition of sulphur. Sulphurous 
mineral waters contain this ^as, but its proportion is rarely 
more than 1^ per cent, of their volume. 

121. Sulphureted hydrogen is a very valuable test for. 
metals. The method employed for this purpose is very 
simple, and is illustrated in the ad- 
joimng figure. The materials for 
forming the gas may be introduced 
into a flask, furnished with a bent 
tube ; the metal to be tested is dis- 
solved by means of nitric acid, and 
the solution placed in a glass. The 
tube is dipped into the glass, and 
the gas passes into the solution. K 
the metal be lead, the solution be- 
comes black; if arsenic, yellow; 
if antimony, red; if zinc, white, 
Sulphureted hydrogen blackens so- 
lutions of many metals besides lead ; 
but these may be distinguished from 
each other bv various tests. Sul- 
phureted hy^ogen is a re-agent of frequent application, 
and is of considerable importance. A solution of sul- 
phureted hydrogen in water may be often advantageously 
used for testing metals, instead of the gas itself. 




Fig. 93. 



121. Explain the procen of testing metals by means of this gas. 
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122. Phosphureted Hydrogen. — Phosphureted hydrogen 
IS a compound of hydrogen and })hosphoru8, and may be 
procured by boiling phosphorus, lime, and water together, 
the hydrogen of the decomposed water combining with a 
portion of the phosphorus. The gas, as thus procured, 
takes fire spontaneously on exposure to the air, or to oxygen 
gas. If the beak of the retort from which it issues be 
plunged under water, so tiiat 

bubbles may rise successively 
through the liquid, a very beau- 
tiful phenomenon takes place. 
Each bubble, on reaching the 
surface of the water, bursts into 
flame, and forms a ring of dense 
white smoke, which enlarges as Fig. 24. 

it ascends, and retains its shape, 

if the air is tranquil, until it disappears. If the gas be re- 
ceived into a vessel of oxygen, the entrance of each bubble 
is instantly followed by a strong concussion, and a flash of 
white light of extreme mtensity. 

123. Hydrochloric Add Gas, — This gas, known by the 
names of marine and muriatic acid, is a compound of 
hydrogen and chlorine, and may be prepared by mixing to- 
gether equal measures of these gases, and exploding the 
mixture by flame, by the electric spark, or by spongy pla- 
tinum. Combination of the mixed gases also takes place, 
with explosion, under the direct solar ray; in diffused day- 
light, it takes place gradually. Hydrochloric acid is also 
prepared by the action of oil of vitriol on common salt ; on 
heating equal parts of these substances in a retort, the gas 
comes over, and may be condensed in a receiver. Hydro- 
chloric acid has a powerful attraction for water ; exposed to 
the air it condenses aqueous vapour, and escapes in the 
form of dense white fumes. If a piece of ice be introduced 
into a jar of this gas, it is immediately liquefied, and the 
whole of the gas disappears in a few seconds. On opening 
a long and wide jar of this gas under water, the absorption 
of the gas is so instantaneous, that the water rises in the jar 
with the same violence as it would into a vacuum. The 



122. How may phosphureted hydrogen be procured? What phenomenon 
takes place, on iu exposure to the air?~123. How may hydrochloric acid gaa 
be prepared f What ia aqua regia ? What is iU peculiar property P 
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hydrochloric add of commerce is an aqueous solution, 
formed by transmitting the gas into water, so long as any 
of it is absorbed. A mixture of two measures of this acid 
and one of nitric acid constitutes aqua regia, which is well 
known for its property of dissolving gold and platinum. 



OF THE METALLIC ELEMENTS. 
CHAPTER XIL 

GENESAL CONSIDEBATIONS OF mIbTALS. 

124. General Remarks, — There are forty-three Elemen- 
tary Metallic Bodies, Of these, seven only were known to 
the ancients, viz., gold, silver, iron, copper, mercury, lead, 
and tin ; most of the others are of recent discovery. The 
metals are distributed in vast quantities throughout the 
globe, and present a variety of forms, according to the 
substances vnth which they are found associated, as oxygen, 
chlorine, sulphur, and several acids. Metals seldom occur 
in an elementary state, but are separated from their com- 
pounds by difficult and complicated processes. When they 
occur in the pure state, they are termed native ; when they 
are associated with other bodies, thev are said to be mine- 
ralized; the combination of a metal with a mineralizing 
substance, is called an ore. Ores are found in large fissures 
in rocks, termed veins ; and often in beds of earth. Com- 
binations of the metals with each other are called alloys ; 
these possess all the characteristic physical properties of the 
pure metals ; when mercury b one of the constituents, the 



124. How many elementary metallic bodies are known f Which of them 
were known to the ancients ? In what sute do the metals usually occur in na- 
ture ? How are they designated, when they occur pure ? How, when associated 
with other substances? V^at is meant by an ore ? What is an alioy ? What 
is an amalgam ? How are the metals alTected with regard to heat, to light, and 
to electricity ? What bodies are formed by combinations of the metals with 
oxygen ? Explain the manner in which the metals have been arranged. 
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compound is called an amalffam. All the metals are conduc* 
tors of heat and of electricity; they are all positive electrics. 
They are lustrous, opaque, and refuse to transmit light: 
but they are in general good reflectors of light. Metals, 
like the simple non-metallic bodies, combine with oxygen, 
and form acids and oxides ; the latter are the more frequent 
products. A Plan of Arrangement of the Metals has been 
already given at p. 22 of this treatise. 



I. OEITEBAL FSOPESTIES OF METALS. 

125. Hardness and Elasticity, — Metals are generally very 
hard substances ; among the hardest are placed iron, zinc, 
copper, manganese, nickel, titanium, and palladium; gold, 
silver, and platinum, are of a softer quality ; lead is still 
softer than these ; and potassium and sodium are so soft as 
to yield to pressure of the finder. The property of elasticity 
is connected with that of hardness, the hardest metals being 
also the most elastic. The sonorous quality of metals is 
allied to their hardness and elasticity ; in these respects, 
iron and copper are conspicuous. 

126. Density, — The most dmse substances in nature are 
found among the metals. Gold, for instance, is upwards of 
19 times, and platinum nearly 21 times, .heavier than an 
equal bulk of water. But density is not an essential cha- 
racter of metals : potassium and sodium are so light as to 
float upon the surface of water. Some metals become 
denser on being hammered, their particles being brought 
together permanently by the operation. 

127. Crystalline Texture, — Many of the metals are capa- 
ble of assuming crystalline forms, which are, generally, those 
of the cttfte and the octohedron. The faciUty of procuring 
metallic crystals is proportionate to the lowness of the tem- 
perature at which a metal fuses : bismuth conducts heat less 
perfectly than other metals, and therefore yields crystals 



125. Enmnerate some of the metals with reference to their comparatire 
hardness. What relation exists between the hardness and the elanticity of 
metals ? What other quality of metals is allied to their hardness and elasticity ? 
—126. What is the density of gold, and of platinum, as compared with that of 
an equal bulk of water? What metals are so soft as to float upon water?-. 
127. What are the common crystalline forms assumed by metals ? To what 
is the facility of procuring metallic crystals proportionate? What Is the tt'S' 
tare of iron, and of antimony ? 
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most readily. The texture of iron is fibrous ; that of zincy 
bismuth, and antimony, lamellated^ or in minute plates. 

128. Malleability. •-'MAXkj of the metals are capable of 
being extended into thin plates or leaTes under the hammer, 
and are termed malleable metals. 'Hiis property depends 
upon a high degree df tenacity connected with a certain 
degree of softness. Gold is the most malleable of the 
metals : a grain of gold may be extended so as to cover 50 
square inches of surface, and to have a thickness not ex- 
ceeding 1-282,020"* of an inch; it may thus present two 
millions of visible points. Zinc is malleable in the highest 
degree between 300** and 400° ; and iron at a temperature 
exceeding that of a red heat. Some metals are either very 
slightly malleable, or, like antimony, arsenic, and bismuth, 
actually brittle. Metals which have become brittle, either 
in consequence of fusion, or of long-continued hammering, 
are again rendered malleable by annealing — the process of 
heating a metallic body, and allowing it to cool in a mode- 
rate temperature. A few of the malleable metals can be 
welded, or portions of them joined together by hammering. 
Iron and platinum may be welded together at a bright-red 
heat, and fragments of potassium may be made to adhere 
by pressing them together by the hand at the ordinary tem- 
perature of the air. 

129. Ductility. — Most of the malleable metals admit of 
being drawn out into wire, and are called ductile metals. 
The ductility of metals is, however, not always proportional 
to their malleability ; iron, for instance, may be drawn into 
very fine wire, but it cannot be beaten into very thin leaves. 
Wollaston formed a gold wire so thin as to be only 1-5000*^ 
of an inch in diameter; 550 feet of it weighed only one 
grain ; an ounce of it would extend fifty nules. He also 
obtained a wire of platinum of not more than 1-30,000*^ of 
an inch in diameter. 

130. Tenacity. — The tenacity of different metals is deter- 



128. What is malleability ? On wliat does this property depend ? Which is 
the most malleable metal ? Which are brittle metals ? What is meant by the 
process of annealing? Wliat effect has this process on metals which have be. 
come brittle? What is meant by welding?— 129. What is ductility? Show 
that the ductility of metals is not proportionate to their malleability. To whi^ 
extent has the ductility of gold, and of platinum, been carried ? — 130. How is 
the tenacity of metals ascertained ? In what metals is this property exhibited 
in its highest, and in its lowest degree ? By what process is the tenacity of 
metallic wires impaired ? 
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mined by ascertaining the weight which a wire of a certain 
thickness can support without breaking. This property 
appears to be highest in iron, and lowest in lead. It has 
been found that the tenacity of wires of iron, copper, and 
brass, is much impaired by annealing them. 

181. Fusibility^ — The metals, with the exception of mer- 
cury, are all solid at the temperature of the air ; but they 
may all be liquefied by heat. The degree at which they 
Juse, or their point of fusion, is very different for different 
metals : some of them are fusible below a red heat, as tin, 
lead, zinc, &c. ; most of them are infusible below a red 
heat; iron and manganese require for their fusion the 
highest heat of a smith's forge ; and many, as platinum, are 
fusible only before the oxy-hydrogen blow-pipe. 

132. The BhW'Pipe.'-The fUsibilUy of metals is ascer- 
tained by means of an instrument called a blow'pipe. Every 
effect of the most violent heat of a furnace may be produced 
by the flame of a candle or lamp, directed upon a small por- 
tion of a metal by this means. This instrument consistiB of 



Fig. 25, 




a bent brass tube of about one-eighth of an inch in diameter 
at one end, and tapering at the other end to a much smaller 



131. What U meant by the point of fiision of metals? What metals are 
fusible below a red heat?— 132. What u the blow.pipe, and for what purpose 
is It employed? In what ways is a substance said to be fusible ? Which is 
the sphere of most complete combustion, in the flame of a lamp or candle ? 
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size, so as to admit the escape of a very fine jet of air. For 
chemical purposes, the tube is enlarged gradually, as shown 
in the figure above, to admit of the accumulation of a 
larger quantity of the breath. The substance to be sub- . 
mitted to the action of the blow-pipe, must be placed upon 
a piece of charcoal, or in a small spoon of platinum, gold, 
or silver. When a large flame is required, a lamp with a 
large wick must be employed, and the air supplied by means 
of bellows, in the manner adopted by workers in glass. 
When intense heat is required, the oxy-hydrogen blow-pipe 
is used. The blow-pipe is chiefly employed to ascertain 
whether a substance be fusible per se ; whether it be fusible 
by heating it with a flux or re-agent ; whether it give off 
volatile matter by heat; whether a metallic oxide be re- 
ducible ; and to ensure a high temperature in the perform- 
ance of chemical operations on a small scale. The sub- 
stance to be tried must be placed in the sphere of the most 
perfect combustion (p. 72). 

133. Alcohol Blow-pipe. — The vapour of alcohol has 
been employed in the self-acting blow-pipe of Mr. Hooke. 
This ingenious apparatus consists of a hollow metallic 
sphere b for containing alcohol, made to 
rest upon a circular frame, g is a bent 
tube with a jet at the end, to convey the 
alcohol in the state of vapour into the 
flame of the lamp d; this tube is con- 
tinued upwards inside the sphere almost 
to its top, so that the sphere may be nearly 
filled, without any of the alcohol escaping 
by the tube, p is a safety-valve, the 
pressure of which is determined by screw- 
ing it higher or lower by means of the 
annexed apparatus. The idcohol is poured 
into the sphere at a small hole at the ^' so* 

top, and it is raised into vapour by means of the lamp 
beneath. 

134. Volatility, — The metals are, in general, highly Jixed 
substances. Some of them, however, admit of being dissi- 
pated into vapour at high temperatures, and are, indeed, so 
volatile, as to be occasionally distilled. Seven of the metals 



133. Explain the appantoi, tenned the Mlf^usting blow.pipe — 134. What is 
meant by rolatility ? What metals are well known (o ponesi this property. 
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are well known to possess this property, viz. mercnir, cad- 
mium, arsenic, tellurium, potassium, sodium, and zinc ; it 
is probable that all the others possess the same property. 



II. OXIDATION OF METALS. 

135. Affinity between the Metals and Oxpffen^-^AIL the 
metals are capable of uniting with oxygen, but they differ 
considerably in their degree of affinity for this element. 
Most of them are oxidized by exposure to the air ; in these 
cases, if the metals are in mass, the oxidation is very slow 
and feeble; but it is complete in the same metals, when 
reduced to powder. The affinity of potassium and sodium 
for oxygen is so great, that they decompose water imme- 
diately on being brought into contact with it. Iron under- 
goes no change in dry air, but, in a moist atmosphere, it is 
slowly oxidized ; when heated to redness fai the open air, 
this metal is rapidly oxidized ; iron also decomposes water 
at a red heat. Copper has a feebler affinit^r, than iron, for 
oxygen : it is oxidized, like iron, in moist air, and at a red 
heat, but it does not decompose water at a red heat. Mer- 
cury has a still feebler affimtjr for oxygen : it may be ex- 
posed without change to a moist atmosphere. At high tem- 
peratures, metals combine rapidly with oxygen, and exhibit 
the phenomena of real combustion. Thus, zinc bums witli 
a brilliant flame, when heated to redness in the open ur j 
iron emits vivid scintillations, when inflamed by a jet of 
oxygen gas. Gold, silver, platinum, and palladium, do not 
combine directly with oxygen under any circumstances. 

136. Calcination, — ^When a metal has been heated in the 
open air, it undergoes oxidation, and acquires an earthy 
aspect. This substance was formerly called a calz, from its 
being earthy, like lime ; it is now more commonly called an 
oceiele : and the operation, when considered with regard to 
such fixed residues, is termed calcination. In this general 
acceptation, the term is applied to bodies which are not 

135. What in oxidation ? How is the strong affinity of potassium and sodium 
im oxygen demonstrated ? Under what circumstances does iron undergo oxi. 
dation ? Show that copper has a feebler affinity for oxygen, than iron ; and 
that the aflbiity of mercury for this gas is feebler still. Do any metals exhibit 
the phenomena of real combustion ? Which metals do not combine with oxy. 
gen under any circumstances ?— 136. What is calcination ? To what bodies is 
the term applied, in its general acceptation P When is chalk said to be cat. 
cined P When is the torm applied to saline bodies P when, to bones ? 
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really combustible, but which are merely deprived of some 
of their principles by heat. Thus, when chalk is converted 
into lime, by expelling its carbonic add and water, it is said 
to be calcined. When alum, borax, and other saline bodies 
are deprived of their water of crystallization ; or when bones 
are made to lose their volatile principles by heat ; these 
bodies are sometimes said to undergo calcination, 

137. Deflagration, — Another method of oxidizing metals 
is by mixing them with nitrate or chlorate of potassa, and 
throwing the mixture into a red-hot crucible ; this process 
is termed deflagration ; it is attended by vivid combustion j 
which may be attributed to the extrication of oxygen from 
the nitre, or other deflagrating substance, and its communi- 
cation to the inflammable body. Metallic oxides are also 
formed by the action of metals on water, on nitric acid, on 
sulphuric add ;.nitro-hydrochloric add is an agent of great 
oxidizing power. 

III. BEDUOTIOIf OP METALS. 

138. The term Reduction is applied to the operations by 
which metallic oxides are reduced to the metallic state, or 
metals freed from other substances vdth which they may 
be associated. The name regulus was formerly applied to 
metallic matters which have been separated from other sub- 
stances by fusion ; it was afterwards applied to the metal 
extracted from an ore, as regulus of antunony, of arsenic, of 
cobalt 

139. Reduction by Heat alone, — The oxides of gold, 
silver, mercury, and platinum, may be decomposed, and re- 
duced to the metallic state by heat alone^ by means of the 
blow-pipe (p. 79). If, in this process, the heat be insuf- 
ficient to melt the metal, it vnll appear as an earthy powder, 
without metallic lustre. 

140. Reduction by Heat and Combustible Matter, — 
When reduction cannot be effected by heat alone, some 
combustible matter is introduced to assist in removing the 

137. What is meant by the process of deflagration ? To what is the combos, 
tion, attendant on this process, attributed ? — 138. What is meant by reduction ? 
What was the original, and what the secondary, meaning of the term regukuT 
— 139. By what means may the oxides of gold, silver, mercury, and platinum, 
be reduced F—UO. When redaction cannot be effected by heat alone, what 
further means are adopted ? What is. a flux P In what different ways may a 
flux act ? Describe the several kinds of flux. 
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oxygen or other matters with which the metal may be as- 
sociated. 1. The oxides of copper and iron are reduced by 
transmitting a stream of hydrogen gas over them, when 
heated to redness in a porcelain tube : water is formed, and 
the metals are reduced to a state of purity. 2. Carbon, in 
various forms, is generally employed for remoying oxygen : 
potassa and soda are decomposed by exposure to a -miite 
heat, after being intimately mixed with finely powdered 
charcoal, d. In the metallurgical processes of separating 
metals from their ores, wood, charcoal, coke, or coal, is the 
combustible material employed. 4. In chemical operations, 
it is often necessary to employ some substance which melts 
readily, and allows the metallic particles, as they are sepa- 
rated, to subside in it and accumulate together. A sub- 
stance of this kind is termed a flux, A flux may act in dif- 
ferent ways: it may merely melt, and allow the metallic 
particles to fall through it ; or it mav combine, as it melts, 
with ingredients mechanically mixed, in a minute state of 
division, with the ore, forming with them a very fusible 
compound, called a slag, through which the reduced metal 
may fall ; or, it may affect chemically some of the ingre- 
dients combined with the metal in the ore, forming with 
them the fluid matter through which the metal is deposited. 
Alkalme fluxes are generally used ; their effect is to render 
the earthy mixtures fusible by converting them into glass. 
Crude flux is a mixture of nitre and crystals of tartar. 
White flux is a pure carbonate of potassa. Black flux is 
carbonate of potassa mixed with carbon. A very fusible 
flux for experiments on the small scale is prepared by mix- 
ing 5 parts of carbonate of potassa with 4 parts of carbonate 
of soda. 

141. Reduction by the Galvanic Battery. — This is a still 
more powerful agent than the preceding. Some oxides, 
which resist the united influence of heat and charcoal, may 
be reduced by the agency of Galvanism. When reduction 
is effected by this means, the metal always appears at the 
negative pole of the battery. 

142. Reduction by Deoxidizing Agents, — Metals are re- 



141. When the galvanic battery is employed for the purpose of reduction, at 
which pole do the metals always appear ?— 142. How are metals reduced from 
solutions of their oxides? Under what circumstances are metals employed for 
reducing other metals fW»m their combinations? Gire some instances of this 
mode of operation. 



itized by Google 



84 METALLIC BASES OP THE ALKALIES. 

duced from solutions of their oxides by means of deoxidizing 
agents. If phosphorous acid be added to a liquid containing 
oxide of mercury, oxygen is taken from the oxide, phos- 
phoric acid is formed, and metallic mercury subsides. Metak 
are occasionally employed for reducing other metals from 
their comMnations, when dissolyed in water ; in such cases, 
the affinithr of the former for oxygen must exceed that of the 
latter. Thus, iron precipitates copper from the sulphate in 
solution, and takes its place. Mercury added to a solution 
of nitrate of the oxide of silver, precipitates metallic silver, 
and passes into the state of oxide of mercury, which is dis- 
solved in the nitric acid. On introducing metallic copper 
into this Uquid, pure mercury is thrown down, and a. nitrate 
of the oxide of copper formed ; and this may be precipitated 
by means of iron. In cases in which the metallic compound 
to be reduced.is insoluble in water, decomposition may often 
be effected by boiling the compound together with the de- 
composing metal, in water. Thus, zinc, boiled in water 
with the chloride of silver, combines with the chlorine, and 
is dissolved; the silver is separated from the insoluble 
chloride in a minute state of division. 



CHAPTER XIII. 

OF THE METALS. 

DIV. 1. METALLIC BASES OF THE ALKALIES. 

143. The alkalies, potassa, soda, and lithia, are oxides of 
peculiar metals, termed potassium, sodium, and lithium. 
These are called haligenous metals, from the word kali, an 
old name of potassa, used in a general sense to denote an 
alkali. They were first procured by Davy, by decomposing 
their oxides by means of Galvanism; oxygen appeared at 
the positive, and the metds at the negative, pole of the 
battery. 

143. What are the names of the fixed alkalies ? What Is their compositioo ? 
What is meant by kaligenous metals f By whom, and how, were they discovered ? 
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44. PoTASsinsc. — Potassium, or kaliumy is solid at com- 
mon temperatures, but it is so soft that it yields to the 
pressure of the fingers ; at 32°, it is brittle ; at 150**, it 
melts; at a temperature below that of redness, it passes 
into vapour. It is considerably lighter than water, and 
floats upon this liquid. It has a powerful affinity for oxy- 
gen, and oxidizes rapidly by contact with liquids which 
contain this gas; a fresh surface, exposed to the air, is 
almost instandy covered by a dull film of oxide. Potassium 
decomposes water at the instapt of touching it, with the 
evolution of so much heat, that the metal takes fire, and 
bums vividly as it moves over the surface of the water ; 
die brilliancy of the flame is increased by the combustion 
of the hydrogen, which takes fire during its separation ; a 
globule of fused potassa remains floating on the water, but 
m a few seconds, as its temperature falls, it produces an 
explosion of steam — a phenomenon similar to that produced 
by a drop of water thrown upon a hot metallic cup. If 
potassium be plunged under water, a violent reaction takes 
place, potassa alone is formed, and hydrogen gas escapes. 
Owing to its affinity for oxygen, potassium should be pre- 
served under the surface of a liquid, which contains no 
oxygen, as naphtha. 

145. Potassa, — Potassa is the oxide of potassium. It is 
prepared in the anhydrous state, in the form of a white 
powder, by exposing thin slices of potassium to dry air* 
When potassium is put into water, a hydrate is formed, 
commonly called, from its energetic action upon the animal 
textures, caustic potash. This substance has a strong 
affinity for oxygen, and is employed for depriving gases of 
bygrometric moisture, and for forming freezing mixtures. 

146. Nitre — Nitre, or salt-petre, is the nitrate of potassa. 
It is generated spontaneously in the soil, and crystallizes on 
^e surface, in several parts of the world. It is prepared, in 
some parts of the continent, in artificial nitre-beds, in which 
nitrate of lime is first formed, and then converted into 
nitrate of potassa by adding wood- ashes to the ley. Nitre 

144. What are the properties of potassium? What is the effect of potas- 
slum upon water? To what is this effect owing? How must potassium be 
preserved?— 145. What is potassa? How is it prepared in an anhydrous, and 
how in a hydrated sUte? What is caustic potash? What are its principal 
nses?— 146. What is nitre? In what sUte is it found in nature? How is it 
prepared artificially? What are its principal uses? What is saLpruneUe? 
What is the composition of gunpowder ? What is the active ingredient in 
tlfls oompoixnd ? 
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crystallizes readily in long six-sided prisms ; it fuses b^ a 
heat under redness, and is then poured into moulds, forming 
sal'prunelle. Nitre is chiefly used in chemistry as an 
oxidizing agent, and in the formation of nitric acid. In the 
arts, it is much used for making deflagrating mixtures : 
gunpowder ^ for instance, is a mixture of about one equiya- 
lent of nitre, one of sulphur, and three of carbon. In this 
and all other deflagrating mixtures containing this salt, the 
oxygen of the nitre is the active ingredient in promoting the 
rapid combastion of the inflammable matter. 

147. Potashes: Pearl-ash; Salt of Tartar, ff'c.—These 
are carbonates of potassa. 1. Potassa exists in combination 
with clay and other minerals, which form the earthy part of 
soil ; it appears to be essential to vegetation, being found 
in the sap of plants, in combination with vegetable acids. 
Hence, when land plants are dried and bamed, their ashes 
lixiviated, and the solution evaporated to dryness, the salts 
of the vegetable acids are found to have been destroyed, 
and carbonate of potassa, commonly called potashes, re- 
mains. 2. The potashes of commerce, when partially puri- 
fied by solution, evaporation, and heating m a furnace, 
constitute the pearl-ash of commerce. 3. A very pure 
carbonate is formed by burning together two parts ot cream 
of tartar (bitartrate of potassa), and one of nitre. In this 
process the tartaric acid of the cream of tartar is completely 
decomposed, and carbonate of potassa remains mixed with 
charcoal, from which it may be separated by solution and 
filtration. The pure carbonate is called Salt of Tartar. 
4. White and Black Flux are carbonates of potassa, and 
are employed in the reduction of metals (p. 83). 

148. Tartar; Cream of Tartar. — These are bitartrates of 
potassa. They are found encrusted on the sides and bottoms 
of wine casks, where, owing to their insolubility in alcohol, 
they have been deposited from the juice of the grape. 

149. Sodium. — Potassium is the alkaline metal of the 
vegetable kingdom ; sodium, or natrium, is its analogue in 
the animal kingdom, its salts being found in aU animal 
fiuids. Sodium is very lustrous, and has the aspect -of 
silver. At common temperatures it is so soft that it may 
be cut with a knife, and yields to pressure of the fingers. 

147. Explain the composition and mode of preparing potashes, pearl-ash, and 
salt of tartar.— 148. What is the composition of tartar, and of cream of tartar ? 
—149. From what sources is sodium procured? What are its properties? 
How is it distinguished from potassium ? 
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At 194'' it is perfectly liquid. It tarnishes on exposure to the 
air, though its oxidation is less rapid than that of potassium ; 
when heated nearly to redness, it takds fire and bums with 
a yellow flame. Thrown on cold water, it swims on the 
surface, and undergoes rapid oxidation, but without taking 
fire like potassium. If a few drops only of water are applied 
to sodium, it readily becomes hot enough to take fire. In 
each case, soda is formed, and the water acquires alkaline 
properties. 

150. Soda. — Soda, or natron, is the oxide of sodium, and 
is formed when this metal is exposed to the air or to water. 
When combined with water as a hydrate, it is the caustic 
soda of chemists. Soda is readily distinguished from potassa 
and other alkaline bases by the following characters :•—] . It 
forms with sulphuric acid a salt well known as Glauber*s 
salt* 2. All its salts are soluble in water, and cannot be 
precipitated by a re-agent. 3. Its salts impart a rich yellow 
colour to flame. 

151. Sea salt; common salt. — Sodium bums in chlorine, 
and forms a chloride of sodium, or common culinary salt. 
The different kinds of common salt are procured from the 
mineral rock-salt, or by eyaporating sea- water. Sea- water 
contains 2*7 per cent, of chloride of sodium, which is the 
most considerable of its saline ingredients. In places on 
the coast where spontaneous evaporation proceeds rapidly, 
sea- water is retained in shallow basons or canals, on the 
surface of iirhlch a saline incrustation forms with the pro- 
gress of evaporation, and is afterwards broken and raked 
out. On evaporating a solution of salt in water rapidly, 
it crystallizes in hollow, four-sided pyramids ; but it occurs 
in regular cubic crystals, when the solution is allowed to 
evaporate spontaneously. The glazing of pottery is effected 
by decomposition of chloride of sodium : a quantity of this 
substance is thrown into the kiln, where it is converted into 
vapour by the heat, an4 condensing upon the surface of the 
pottery, causes its vitrification. 

152. Lithium. — Lithium is a white metal, resembling 
sodium, and of highly oxidable quality. Lithia is the prot- 

150. What is loda ? What is caustic soda? State the characters by which 
soda is distinguished from potassa. — 151. What is the composition, and chemical 
name, of common sea.5alt ? How is it procured ? In what crystalline forms 
may it be obtained? By what process is the glazing of pottery effected?— 
152. What is lithium ? What is lithia ? In what respect does lithia differ from 
potassa and soda ? 
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oxide of lithiam, and it occnrs in small quantities in certain 
minerals ; it possesses all the properties of an alkali, and 
differs from potassa and soda in the very sparing solubility 
of some of its salts. Lithia has been hitherto obtained only 
in small quantity. 

BIT. II. METALLIC BASES OF THE ALKALINE BABTHS. 

153. The Alkaline Earths, baryta, strontia, lime, and 
magnesia, are oxides of peculiar metals, termed barium^ 
strontium^ calcium, and magnesium, Th^ are called, from 
this property, alkaline terrigenous metals. Of the alkaline 
earths, the first three corrode animal and vegetable sub- 
stances, in the same manner as the alkalies ; the fourth does 
not possess this caustic property. They all, like the alka- 
lies, neutralize acids, and turn the blue infusion of cabbage 
to green, and turmeric to brown. 

154. Babium. — Barium was procured by Dayy, by means 
of Galvanism, from the carbonate of baryta. It is a white 
metal, like silver. It has a strong affinity for oxygen, with 
which it combines, forming a -vdiite powder; it oxidates 
rapidly in water, and effervesces from disengagement of 
hydrogen; in both cases, baryta is formed. Baryta, or 
barjrtes, has a strong affinity for water, and slakes in this 
liquid, like quicklime, with the evolution of intense heat. 
The result of this process is a hydrate of baryta, a substance 
which forms an excellent test of the presence of carbonic 
acid in the air or other gaseous mixtures : the carbonic acid 
unites with the baryta, and forms a white insoluble precipi- 
tate, the carbonate of baryta. A solution of the carbonate 
is called baryta water, 

155. Stbontium. — Strontium was procured by Davy firom 
strontia, by means of Galvanism. It much resembles ba- 
rium. It is a dense white metal, oxidizing rapidly in the 
air, and decomposing water with the evolution of hydrogen. 
Strontia is to baryta, what soda is to potassa. Pure strontia 
slakes, when mixed with water, with the evolution of intense 
heat, and forms a white solid hydrate. The salts of strontia 
communicate a deep red tint to inflammable matter in a 

153. What are the names of the alkaline earths? What is their composi. 

tion? What are their properties ?— 154. How was barium first procured? 

WhatisbaryUf Of whatisitaTaluable test?— 155. How was strontium pro. 

^at is strontia? How are iu salu distinguished firom those of 
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state of combustion, by which they are readily distinguished 
from the salts of baryta. 

156. Calcium. — Calcium was procured by Davy from 
lime, by means of Galvanism. It has a whiter appearance 
than barium or strontium. Limey or quicklime, is procured 
by expelling carbonic acid, by means of heat, from the car- 
bonates of lime, as limestone, marble, chalk, or calcareous 
spar ; it is prepared, on the large scale, by placing alternate 
layers of limestone and fuel in a furnace, or limekUn. Lime 
is a brittle, white, earthy substance, beautifully phospho* 
rescent when heated to redness, and highly infusible. It 
combines with water, with the evolution of great heat, and 
passes into the state of slaked lime. The most delicate test 
of lime is oxalic acid, which forms an insoluble compound 
with it. 

157. Bleaching Powder. — This is a chloride, commonly 
called oxi/muriate of lime. -On exposing thin strata of re- 
cently slaked lime in powder to chlorine, this gas is absorbed 
in large quantity, and chloride is formed in the state of white 
powder, which destroys vegetable and animal colouring 
matters, in the same way as chlorine. 

158. Gypsum, Sfc, — Gypsum is a sulphate of lime, occur- 
ring abundantly as a natural production. A white compact 
vanety of gypsum is employed in statuary under the name 
of Alabaster; this is a pure crystallized specimen. The 
salt is deprived of its water at a low heat, and in this state 
constitutes Plaster of Paris, Its property of becoming 
hard after being made into a paste with water, is owing to 
the anhydrous sulphate combining chemically with this 
liquid, and thus depriving it of its fluidity. 

159. Bone Earth* — This is a phosphate of lime consti- 
tuting the basis of bone, from which it is prepared by burn- 
ing off the animal matter (p. 56). 

160. Magnesium. — Magnesium was procured by Davy 
from magnesia, by means of Galvanism. It is prepared by 
decomposing its chloride bv means of potassium. It is a 
white metal, resembling silver, very malleable, fusing at 
a red heat, and then burning with brilliancy in air or oxygen 

156. From what substance was calcium procured ? How is lime prepared ? 
What is slaked lime? What is the best test of the presence of lime ?— 157. 
What is bleaching powder? What is its property ?— 158. Explain the dif. 
ferences between common gypsum, alabaster, and plaster of Paris. — 159. What 
is bone earth P— 16a How is magnesium procured ? What is magnesia ? What 
is Epsom salt? 
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gas, -vdth the formation of magnesia. It takes iire sponta- 
neously in chlorine gas. Magnesia is a white earthy powder, 
procured from the carbonate, by expelling its carbonic acid 
by heat. Epsom Salt is a sulphate of magnesia. It is fre- 
quently found in mineral spring. In commerce, it is pre- 
pared by the action of sulphuric acid on magnesian lime- 
stone, a mineral consisting of carbonate of lime and magnesia. 



DIV. ni. METALLIC BASES OF THE EABTHS. 

161. There are six metals which combine with oxygen, 
forming oxides which are well known as the pure earths ; 
hence, they are called terrigenous metals. The earths are 
white, insoluble in water, and do not affect the colour of 
litmus, or turmeric paper. As salifiable bases, they are in- 
f<^rior to the alkaline earths. 

162. Aluminium. — Aluminium is prepared, like magne- 
sium, by decomposing its chloride by means of potassium. 
The metal is obtained in the form of minute scales or span- 
gles ; its appearance is that of a grey powder, resembling 
spongv platinum. Aluminium fuses at a higher tempera- 
ture than that at which cast iron melts. Heated to redness 
in the open air, it takes fire and bums with a brilliant light; 
sprinkled in powder on the flame of a candle, it emits bril- 
liant sparks, similar to those emitted during the combustion 
of iron in oxygen gas. The earth, alumina, is the only 
known compound of aluminium and oxygen. It is one of 
the most abundant productions in nature ; it occurs, almost 
in a state of purity, in the ruin/ and the sapphire. Pure 
alumina is prepared from alum ; when mixed with water, it 
yields a son cohesive mass, which is moulded into various 
forms, in the manufacturet of pottery. 

163. Alum, — Alum is the double sulphate of alumina and 
potassa ; it crystallizes readily, in the form of octohedrons, 
from a solution containing its elements. It is prepared in 
this country from a siliceous clay, called alum-slate; and in 
Italy from alum-stone, which is produced in volcanic dis- 
tricts by the action of sulphurous acid vapours on felspatic 
rocks. When this mineral is treated with a due quantity of 
sulphuric acid, it dissolves, and is converted into the crys- 

161. What are the pure earths called, and why so ?— 162. How is aluminium 
prepared ? What is alumina ? In what precious stones does it occur in a pure 
sute ?— 163. What is alum ? For what purposes is it employed f 
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tallizable alum of commerce. When the crystals of alum are 
exposed to heat, they froth up remariiably, and part with 
all their water, forming anhydrous alnm, the aktmen ustum 
of the pharmacopGeia. Alnm is extensiyely employed in the 
arts, particularly in dyeing, lake-making, dressing sheep- 
skins, pasting paper, clarifying liquors, &c. 

164. Homberg's PyropKorus. — A spontaneously inflam- 
mable mixture has been long known under this name. It is 
made by intimately mixing three parts of alum and one of 
sugar ; the mixture is evaporated to dryness, and then in- 
troduced into a small stoneware bottle, which is placed in a 
crucible, and surrounded with sand. The whole is heated to 
redness till a blue flame appears at the mouth of the bottle, 
which is closed after a few minutes by a stopper of chalk. 
After cooling, the bottle is found to contain a black powder, 
which becomes red hot when exposed to the air, and takes 
Are with brilliant combustion in oxygen gas. A similar 
mixture may be made with three parts of lamp-black, four 
of burnt alum, and eight of carbonate of potassa. 

165. Thobium, Glucinium, Zibconium, Yttbium, 
SiLiciUM. — These are the metallic bases of the earths tfto- 
rina, glucina, zirconia, yttria, and silica. The four first 
are rarely met with, and require no further description. 
The last has already been described among the non-metallic 
bodies. 

DIY. lY. METALS WHICH DECOMPOSE WATEB AT A 
BED HEAT. 

166. The remaining metals are all capable of combining 
with oxygen, but their oxides are neither alkalies nor earths. 
Their protoxides haye an earthy appearance, but are gene- 
rjdly coloured. They are insoluble in water, and in general 
do not afiect the colour of test paper. Most of them are 
capable of combining with acids, and of forming salts ; but 
in this property they are much inferior to the alkalies and 
idbdine earths by which they may be separated from their 
combinations. Several of these metals combine with oxy- 
^n, and form compounds with acid characters. The first 
division of thb order comprises seven metals which decom- 
pose water at a red heat, 

164. What is Homberg's pyrophorus ?— 166. Enumerate the metals which de. 
compose water at a red heat ? What are their properties ? 
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167. Manganbbb. — Mang;anese is a hard brittle metal, of 
a grejrish-white appearance, and granular texture ; it much 
resembles cast iron in appearance. This element is found in 
the ashes of plants, in the bones of animals, and in many 
minerals. It oxidates readily in the air, and falls down as a 
black powder. It decomposes water at common tempera- 
tures, with the disengagement of hydrogen gas ; at a red 
heat, the decomposition is rapid, and protoxide of manganese 
is formed. It is best preserved in naphtha, or over mercury. 
Manganese has never been found in an uncombined state, 
but Its oxides are very abundant. These are extensively 
employed, and for op]josite purposes, in the manufacture of 
glass : the deuioxide is used for colouring glass of a red or 
violet colour ; while the peroxide is used for preserving* 
glass colourless by its oxidating action. 

168. Zinc. — Zinc, or spelter, is a bluish-white metal, 
with a bright metallic lustre, and crystalline structure. It 
is procured from the native carbonate or calamine, or froni 
the native sulphuret, called zinc blende. At low or high de- 
grees of temperature, zinc is brittle; but between 210^ and 
800** F., it is both malleable and ductile, and may be roUed 
or hammered into thin sheets ; if pure, it is malleable at 
common temperatures. At 773°, it fuses; when cooled, it 
crystallizes in four or six-sided prisms. At a red heat, it 
rises into vapour, and takes fire in the air, burning with a 
white flame like that of phosphorus ; the product of the 
combustion, when cold, is the oxide of zinc, — a white pow- 
der, resembling flocks, and caXi^A flowers of zinc; from its 
great lightness, it was formerly called philosophical wool 
and white nothing. Zinc in the laminated form, is a very 
valuable substance, owing to its little disposition to undergo 
oxidation. White vitriol is the sulphate of zinc, and is 
formed by roastin|^ the native sulphuret, or by dissolving 
metallic zinc in dilute sulphuric acid. It crystallizes, on 
evaporation, in colourless prisms. Zinc unites with copper 
in several proportions, forming important aUovs, The best 
^iM« consists of four parts of copper to one of zinc. When 
the zinc is in greater proportion, compounds are formed 
which are called tombac, ifutch-gold, and pinchbeck. The 



167. In what lubitances is manganese found ? For what purposes are its 
oxides employed P~l 68. What are the properties of sine? What is the 
flowers of sine? What is white vitriol? What is the composiUon of brass? 
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whUe copper of the Chinese is said to be an alloy of copper, 
zinc, nickel, and iron. 

169. Iron. — Iron is found occasionally in the metallic 
state, but most commonly mineralized in various ways. It 
exists in minute quantities in almost all vegetable and ani- 
mal products, particularly in the blood. Masses of meteoric 
iron, termed aerolites, have been found of every size, from 
that of a few grains to that of several hundreds of pounds in 
weight. These masses invariably contain iron, cobalt, or 
nickel, or a combination of these three metals in union with 
various earthy substances. Iron is of a peculiar grey co- 
lour, and admits of a high polish. It is remarkably malle- 
able, and exceeds all the metals in tenacity. At common 
temperatures it is very hard, and its hardness may be in- 
creased by its being heated, and suddenly cooled; but at the 
same time it becomes brittle. When heated to redness, it is 
remarkably soft and pliable, and may be beaten into any 
form, or intimately united, or welded, by hammering, with 
another portion of red-hot iron. In its pure state, iron is 
exceedingly infusible : the point of fusion of cast iron is 
3479^. Iron expands as it returns to the solid state, and 
therefore takes the impression of a mould with accuracy. 
It is attracted by the magnet, and may itself be rendered 
permanently magnetic. This important property is pos- 
sessed by no other metal excepting cobalt and nickel. 

170. Preparation o Iron, — 

Iron is principally procured from J,\ , 

the ore called clay ironstone, 
which, in the process of reduc' 
tion, is first roasted, and then 
heated with charcoal, coke, or 
coal, and lime, in a blast Jur^ 
nace. The air is thrown in at 
two or more openings near the 
bottom, from a blowing appara- 
tus, so as to maintain the whole 
contents of the furnace in a state 
of intense ignition. In the pro- 
cess, as thus conducted, the car- 
bon removes the oxygen from the 




Fii- «T, 



169. How does Iron occur in nature? What are aerolite*, and wfaat Ih their 
composition ? What are the properties of iron P What other metals are ca. 
pable of being rendered magnetic ? 
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iron, forming carbonic oxide or carbonic acid, which escapes. 
The lime acts the part of a flux, by combining with the 
earthy matter of the ore, and forming a fusible compound, 
eallea a slag, through which the melted iron falls, and col- 
lects at the bottom of the furnace. The slag is let off from 
time to time at an aperture in the side of the furnace, and 
the fused iron is carried off by a hole in the bottom of the 
furnace, received into channels formed in sand, and thus 
cast into ingots or pigs, commonly called pig-iron* 

171. Steel. — Steel is a carburet of iron. The general 
method of forming steel is by the process of cementation. 
This consists in placing alternate layers of bars of malleable 
iron, and of powdered charcoal, in a large furnace, from 
which the atmospheric air is entirely excluded, and keeping 
Ijie whole for several days at a red heat. By this means the 
iron gradually combines with from 1-3* to I'TS*"* per cent, of 
carbon ; and the different degrees of temperature to which it 
is subjected, occasion the varieties in its state of cohesion, 
or temper, which are adapted for making different instru- 
ments. 

172. Green Vitriol — Green Vitriol, or Copperas, is a 
sulphate of iron, and is prepared by the action of dilute sul- 
phuric acid on metallic iron, or by oxygenation of the native 
sulphuret, or iron pyrites, by the action of air and moisture. 
This salt is employed in the manufacture of fuming sul- 
phuric acid ; in the preparation of ink and Prussian blue ; in 
dyeing black, &c. 

173. Tin. — Tin, or Stannum, is no where found in the 
metallic state, but occurs usually in combination with oxy- 
gen. It is confined to a few localities, one of the principal 
of which is Cornwall. The only important ore of tin is the 
peroxide, which occurs in veins, and also in the form of 
rounded grains, commonly called stream tin, from its having 
been carried away from its original position by the action of 
water. Tin has a white, silvery lustre ; its brilliancy is very 
slowly impaired by exposure to air, and is scarcely at all 
affected by moisture ; hence its great value for culinary ves- 
sels. Tin is very soft, and exceedingly malleable, the thick- 
ness of tin foil being no more than 1-lOOOth of an inch. 

170. Explain the procen by which iron is procured from its ore. What is 
pig.iroa?— 171. What U staelP Hovr is it prepared?— 173. What is green 
Titriol? For what purposes is it employed?— 173. From what sources is tin 
obtained? What are its properties ? ynuAiBtnoireetnetalUquef 
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In ductility and tenacity, it is inferior to several of the 
metals ; at the tem^rature of boiling water, it may be 
drawn into wire, which is soft and flexible, but deficient in 
tenacity. At 442®, tin fuses, and if exposed in that state to 
the air, it tarnishes, and its surface becomes covered with a 
grey powder. When heated to whiteness, it takes fire, 
bums with a white flanie, and is converted into peroxide 
of tin. When tin-plate is heated and washed with a liquid, 
consisting of water, nitric and muriatic acids, the surface 
becomes crystallized, and in this state it constitutes the 
moiree metalligue; this, when varnished, is worked into 
ornamented vessels. 

174. Mosaic Gold, — Mosaic Gold, or the aurum musivum 
of the alchemists, is the bisulphuret of tin. It is prepared 
by igniting a mixture of peroxide of tin, sulphur, and sal 
ammoniac, in a covered crucible. The product is obtained 
in the form of crystalline scales, of a g;olden yellow colour, 
and metallic lustre. 

175. Alloys of Tin, — Tin alloyed with small quantities of 
antimony, copper, and bismuth, forms the best kind of 
pewter. Tin and lead unite when fused together, consti- 
tuting solder ; Jtne solder consists of two parts of tin and 
one of lead, and is employed in tinning copper ; coarse solder 
contains 1-4*^ of tin, and is used for soldering by glaziers. 
Hard solder, by means of which two surfaces of copper are 
brazed, or cemented together, is an alloy of brass and zinc. 

176. Cadmium. — Cadmium is a white metal, resembling 
tin ; it is found associated with zinc, and derives its name 
from cadmiafossilis, the common ore from which the latter 
metal is obtained. During the reduction of the ores of zinc, 
cadmium passes over among the first products of distillation, 
owing to its great volatility, which is nearly as great as that 
of mercury. Cadmium is very ductile and malleable. 

177. CoBAiiT. — Cobalt occurs principally in combination 
with arsenic; it is likewise found in almost all meteoric 
stones. Its name is derived from Kohold, the demon of 
mines, which was applied to it by the German miners, who 
considered, it unfavourable to the presence of valuable 
metals. Cobalt is a brittle metal, of a reddish-grey colour ; 

174. What is mosaic gold?— 176. Explain the composition of the alloys of 
tin.— 176. From what source is cadmium derived ?— 177. In what state does 
cobalt occur in natoro? What is the origin of the term? For what purpose 
are its ores employed? 
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it is capable of being rendered permanently magnetic The 
ores of cobalt are mucb used for the blue colours of porce- 
lain and stoneware. 

178. NicKEi<. — Nickel occurs, together with iron and co- 
balt, in meteoric stones. It may be prepared from a mineral 
of Westphalia, termed Copper^nickel ; or from an artificial 
production called speiss, which is obtained during the re- 
duction of the ores of cobalt. Ifickel is a metal of a silvery 
white appearance, and is both ductile and malleable. It is 
attracted by the magnet, and, like iron and cobalt, may be 
rendered magnetic. A mixture of copper, zinc, and nickel, 
fused together, constitutes the useful white alloy of nickel, 
called German silver, or pachfong. 



DIV. V. OP THB BfETALS WHICH DO HOT DECOBffPOSB WATER 
AT ANT TEMPEBATURE, AND THE OXIDES OP WHICH ARE 
NOT REDUCED TO THE BCETALLIC STATE BT THB SOLE 
ACTION OP HEAT. 

179. The above description comprises the history of our^ 
teen metals, several of which are of very rare occurrence. 
They all combine with oxygen, &c., and form compounds 
possessing many of the characters of acids. 

180. Arsenic. — Arsenic generally occurs in combination 
with other metals, espe- 
cially iron and cobalt. 
A reverberator^ furnace 
is employed in the reduc- 
tion of arsenic from its 
ores. It consists of a 
fire-place, a, in which 
the fuel is burned, and 
of which b is the ash- 
pit; dd h SL horizontal 
flue, expanded into a 
small chamber or oven, 

which is raised to a strong red heat by the reverberation 
on its walls of the flame, or heated air, from the fire on its 
passage to the chimney. The matters to be heated are 




178. How does nickel occur in nature ? What is speiss? What is packfong? 
—180. Explain the process for the reduction of arsenic. What are the proper- 
ties of arsenic ? What is fly.powder ? 
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placed iDn the ^oor of the chamber. There is an opening in 
the side at t, for the introduction of materials, and another 
opening, g^ at the end most distant from the fire. The 
chimney is provided with a damper, p, by which the draught 
is regulated. On roasting the arsenical ores in a furnace 
of this kind, the arsenic, which is very volatile, is driven 
off, combines with oxygen as it rises, and condenses into 
thick cakes, on the roof of the chimney; this mass, when 
sublimed a second time, constitutes the virulent poison, 
commonly called arsenic ; it is, however, arsenious acid, or 
the white oxide of arsenic. To obtain metallic arsenic, one 
part of the white oxide is mixed with three parts of black 
flux, and the mixture exposed to red heat m a crucible, 
over which is luted an empty crucible for receiving the 
metal, and which is kept cool for the purpose of condensing 
the vapour of the metal as it rises. Arsenic is a brittle 
metal, of a strong metallic lustre, and steel-grey colour. It 
crystallizes by sublimation in rhombohedrons. At 356° it 
sublimes without liquefying ; it fuses at a higher tempera- 
ture, but this has not been ascertained. Its vapour has a 
strong garlicky odour. Arsenic tarnishes on exposure to 
the air, forming a grey oxide, called fly 'powder^ 

181. Chromium. — Chromium is prepared, by a difficult 
process, from the mineral called chrome iron. It is a 
greyish-white metal, brittle, and very infusible. The oxide 
of chromium is of a green colour, and, when fused witili 
borax or other vitreous substances, it communicates to them 
a beautiful green' colour, a property which affords an excel- 
lent test of its presence, and renders it exceedingly useful in 
enamelling, and in glass and porcelain painting. The eme- 
rald owes its colour to the presence of this oxide. Oxide of 
chromium is also the colouring matter of pink, applied to 
stoneware. Chrome yellow is the chromate of lead; it 
furnishes to the painter his best and most lively yellow. 
Chrome red is the bichromate of potassa. 

182. Vanadium, Molybdenum, Tungsten, Columbium. 
— These metals are of very rare occurrence, and are v/ith 
great difficulty reduced to tne metallic state from their ores. 
They are but imperfectly known, and have not been applied 
to any useful purpose. 



181. What is chromium ? For what purpose is ite oxide employed ? 
H 
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183. Antimony. — Antimony, said to have derived itc 
name, anti-moinef from its fatal effects upon some monks 
to whom it was given as a medicine, sometimes occurs 
native, but is generally procured from its sulphuret This 
ore, formerly called stibium, was long regarded as the metal 
itse^, and was termed antimony, or cnule antimony, while 
the pure metal was termed regulus of antimony. On heat- 
ing the sulphuret of antimony in a crucible with half its 
weight of iron filings, sulphuret of iron is formed, and me- 
tallic antimony is separated. Antimony is a white, brittle 
metal, of considerable lustre. At 797" it fuses, and, on 
cooling, acquires a highly lamellated texture, and some- 
times yields crystals. It bums in air at a red heat, with 
the production of copious fumes, which condense on cool 
surfaces, frequently in the form of small shining needles of 
silvery whiteness, formerly called argentine flowers ofanti' 
mony ; they are the oxide of antimony. 

184. Bismuth — Bismuth, or wismuth, so named by the 
Germans, or tin glass, as it is called by artists, occurs 
native and in combination with other substances. For 
chemical purposes, the metal is procured from the sub- 
nitrate, commonly called magistery of bismuth, a beauti- 
fully white substance, sometimes employed as a paint for 
improving the complexion ; it is, however, an inconvenient 
cosmetic, owing to the facility with which it is blackened by 
sulphureted hydrogen. Bismuth is a white metal with a 
reddish shade, and highly crystallizable. It is brittle when 
cold, but malleable when warm. It is volatile at a full red 
heat, and bums in air at a high temperature with a pale- 
blue flame, and with the formation of copious fumes of 
oxide of bismuth; the product of the combustion is a 
yellow powder, csiileA. flowers of bismuth. The chloride, 
formerly called butter of bismuth, is formed by throwing 
finely pulverized bismuth into chlorine gas. The alloys of 
bismuth are remarkable for their fusibUity ; the best pro- 
portion consists of eight parts of bismuth, five of lead, and 
three of tin. Equal parts of bismuth, tin, and mercury, 
form the mosaic gold, used for various ornamental purposes. 
One part of bismuth, with five of lead, and three of tin, 

183. What are the properties of antimony ? Explain the terms ervde anU. 
mony^ and reguhu ofantimtmyt — 184. From wtiat source is bismuth procured? 
Wliat are its properties ? fSiplaia the composition of some of the aU<^s of 

bismuth. 
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forms plumber's solder, a compound of great importance in 
the arts. Bismuth is also added to the alloy of tm and lead 
used for casting stereotype plates ; besides increased fusi- 
bility, bismuth communicates to this alloy the property of 
expanding on becoming solid, so as to admit of a clear and 
sharp impression of the type. Bismuth is found associated 
with sulphur, constituting the mineral bismuth glance. 

lS5. Ubanium, Cerium, Titanium, Tellurium. — 
These metals are of verj' rare occurrence, and their proper- 
ties are very imperfectly known. They' have not been ap- 
plied to any useful purpose. 

186. Copper. — Copper is one of the most abundant of 
the metals. It is prepared principally from the ore called 
copper pyrites, the native sulphuret of copper and iron. 
The ore is first roasted, by which means part of the sulphur 
is expelled ; the residue is then roasted with siliceous matter, 
and the iron is converted into a fusible slag ; by continued 
roasting, most of the sulphur escapes as sidphurous acid, 
and the copper is oxidized ; after which, it is reduced by 
charcoal and by directing a strong blast of air upon the 
surface of the melted copper. Copper is a hard, elastic, 
sonorous metal ; it is the only metal, with the exception of 
titanium, of a red colour ; it is both ductile and malleable, 
and in tenacity yields only to iron ; it is less fusible than 
silver, and more so than gold ; its point of fusion being 
19960 F. Copper is little affected by dry aur, but in a damp 
atmosphere it becomes coated with a green crust, which is 
subcarbonate of copper. Copper unites with oxygen, form- 
ing the red and the black oxide. 

187. Blue Vitriol, and Verdigris. — 1. Blue vitriol is the 
sulphate of the black oxide of copper, and may be prepared 
by dissolving the oxide in dilute sulphuric acid, or by 
oxygenating the sulphuret by the action of heat and air. 
2. Verdigris, commonly used as a pigment, is an acetate of 
copper, and is prepared by covering copper-plates with 
eloth soaked in pyroligneous acid. 

188. Alloys of Copper. — The most important of the alloys 
of copper are those formed with tin and zinc. Bronze and 
Gun Metal consists of 100 parts of copper, and 10 of tin ; 
Bell Metal, of 100 parts of copper, and 20 to 25 of tiq ; 

186. From what sabstance is copper principally procured ? What are its 
properties ?— 187. What is blue vitriol? What is verdigris ?— 188. State the 
composition of bronze, of belUmetal, of speculum metal, and of brass. 
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Speculum Metal, of 100 parts of copper, and 90 to S5 of 
tin ; a little arsenic is added to the last alloy, to increase its 
whiteness. The yarieties of Breiss are alloys of copper and 
zinc ; four parts of copper and one of zinc form a golden- 
coloured alloy, hence called Similar. 

189. Lead. — Lead is procured principally from galena, 
the native sulphuret of this metal. This ore, in the state of 
a coarse powder, is heated in a reverberatory furnace 
(p. 96), together with coal and lime, the latter of which 
assists in remoying the sulphur, and any sulphurous or sul- 
phuric acid formed during the process. Lead is of a bluish- 
grey colour, and metallic lustre, but it soon tarnishes on 
exposure to the air. It is both malleable and ductile; in 
tenacity, it is inferior to all ductile metals. It melts al 
612° ; on solidifying, it shrinks considerably, so that bullets 
cast in a mould are never perfectly round. Lead b precipi- 
tated slowly in the form of crystals, forming the lead tree, 
when zinc is introduced into any of its solutions. Air and 
water charged with carbonic and other acids, oxidate lead ; 
hence, rain or soft water cannot be safely preserved in leaden 
cisterns, owing to the rapid formation of a white hydrated 
oxide at the line whiere the metal is exposed to the air and 
water; this oxide is soluble in pure water, and is highly 
poisonous. It is found, however, that certain substances 
exert a protecting influence on water thus preserved, by 
arresting the oxidation of the lead. Thus, if a minute trace 
of any sulphate or chloride exist in the water, as is usually 
the case with spring or well water, the corrosion of the lead 
is arrested by conversion of the oxide of lead into an in- 
soluble salt, and the water is preserved from contamination. 
In these cases, the preservative power of neutral salts is 
closely connected with the insolubility of the compound 
which their acid is capable of forming with lead. The water 
of Edinburgh is a remarkable illustration of this rule. 

190. Massicot: Litharge; Minium, — On exposing melted 
lead to the air, the surface becomes rapidly covered with a 
film, which acquires a yellow colour ; when skimmed off in 
this state, it is termed massicot, or yellow lead, and was 



189. How is lead prepared ? What are its properties ? Why cannot rain or 

soft water be safely preserved in leaden vessels ? What substances exert a pro. 

tecting influence on water thus preserved P Upon what circumstance does this 

^ing influence depend?— 190. Explain the formation of massicot, of 

ind of minium. 
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fonnerly used as a yellow pigment; this is the protoxide of 
lead. Massicot, when impedectly fused, forms a red mass, 
which separates into small crystalline scales, called litharge, 
or semi-yitrified oxide <^ lead. When massicot, which has 
not heen fused, is exposed to incipient redness, and a cur- 
rent of air directed upon its surface, it slowly absorhs oxy- 
gen, and is oonverted into the red oxide, or the minium of 
commerce, a substance employed as a pigment, and in the 
manufacture of flint glass. This is the deutoxide of lead. 

191. White Lead, or Ceruse, — This compound, employed 
as a white pigment by painters, is the carbonate of lead. 
It is prepared by placing thin sheets of lead over pots con- 
taining weak acetic acid, <and exposed to a gentle heat by 
being imbedded in fermenting tan. By the vapour of the < 
add the lead is corroded, and at the same time oxidated, and 
its external portions come off in flakes, which are carbonate 
of protoxide of lead. The. oxygen is derived from the air» 
and the carbonic acid from the fermenting tan. 

192. Alloys of Lead, — Lead and tin fuse together, and 
form an alloy called solder. Fine Solder is an alloy of 
2 parts of tin and 1 of lead, and is much employed in tin- 
ning copper. Coarse Solder contains 1-4*'* of tin, and is 
employed for soldering by plumbers. The other alloys of 
lead have been already noticed under the articles Tin and 
Antimony. 

DIV. VI. OF THE METALS, THB OXIDES OF WHICH ABE 
DECOMPOSBD BT A BBD HEAT. 

193. The above description comprises the history oi eight 
metals. The first of these occurs in a liquid state. The 
two next are termed noble meteds ; they are remarkable for 
their beauty, and for the difficulty with which they are acted 
on by heat, and other agents. The fourth is the heaviest 
body in nature, and is with difficulty acted upon by most 
ordinary agents. The remaining four occur in very minute . 
quantities, and their properties are therefore very imperfectly 
known. 

194. Mebcurt. — Mercury, or Quicksilver, is found, to a 

191. What is white lead? How is it prepared?— 193. State the composition 
<^flne, and of ooarse solder.->19a Eaiunerate the metals, the oxides of which 
are decomposed by a red heat^-.194. la what state does mercury occur in na- 
ture ? What are its properties f What is red precipitate ? 
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small extent, in the metallic state; but it occurs more 
abundantly in the ore cinnabar^ in which it exists in combi- 
nation with sulphur. On heating this ore with Hme or iron 
filings, the mercury is volatilized, and the sulphur remams ; 
the mercury is then freed from impurities by distillation 
with half its weight of iron filings. Mercury is fluid at 
common temperatures ; it has a tin-white colour, and a high 
metallic lustre. At 39 or 40 degrees below zero, it becomes 
solid, and crystallizes in octohedrons ; it contracts consider- 
ably at the moment of congelation. At 662o it boils, form- 
ing a colourless vapour, and condenses again on cool sur- 
faces into metallic globules. Mercury combines with oxy^ 
gen, forming the blackf and the red oxide; the latter is 
. commonly called red precipitate, 

195. Cinnabar; Vermilion, Sfc. — 1. The common ore of 
mercury. Cinnabar , is a sulphuret; it sometimes occurs 
crystallized, forming a beautiful vermilion. 2. A sulphuret, 
called factitious cinnabar^ is formed by fusing sulphur with 
about six times its weight of mercury, and subliming in 
close vessels. The red pigment, vermilion, consists of the 
factitious cinnabar reduced to powder. This sulphuret is 
black before sublimation. 3. When equal parts of sulphur 
and mercury are triturated together until metallic globules 
cease to be visible, a dark-coloured mass is formed, called 
ethiops mineral. 

196. Silver. — Silver occurs native in mines, and in com- 
bination with several metals; in the state of sulphuret, it is 
frequently associated with galena. Silver has a brilliant 
white appearance, and admits of the highest polish. It 
melts at a bright-red heat, absorbing oxygen when pure, 
and expelling it again as it cools. It is extremely ductile 
and malleable. Silver is precipitated from its solution in 
the metallic state by most other metals ; when mercury is 
employed, the silver assumes a beautiful arborescent appear- 
ance, called arbor Dianm ; the silver thus deposited always 

.contains mercury. Pure silver, being very soft, is always 
alloyed, in coin and plate, with copper, in order to make it 
harder. The standard silver of this country is an alloy of 
222 pennyweights of silver, with 18 pennyweights of copper. 

195. What are cinnabar, and factitious cinnabar? What is Termilion? What 
is ethiops mineral ?— 196. In what states is silrer found in nature ? What are 
its properties ? What is the arhpr Diana f What is the composition of the 
i silver of this country ? 
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When the proportion of copper is considerable, the coin be- 
comes red by wear. 

197. Gold. — Gold generally occurs native, in the massive 
state disseminated in threads through rocks, or in grains 
among the sand of rivers ; it is also found in combination 
with other metals. It occurs crystallized in the cube and its 
allied forms. Gold is separated from silver by the process 
ofquartation; this consists in fusing the gold with so much 
silver that the former metal may constitute one -fourth of the 
mass ; nitric acid will then dissolve all the silver and leave 
the gold. The silver may also be separated by digestion in 
sulphuric acid. Gold is the only metal of a yellow colour. 
It is highly malleable and ductile. When very thin, gold is 
transparent, thin gold leaf allowing a green light to pass 
through it. Gold fuses at 2016^, and contracts considerably 
on becoming solid. Gold combines with oxygen in two 

EroportioDS, forming the aurous and the cniric oxides ; the 
itter combines with ammonia, forming^/mtna^'n^ gold, so 
named from its violently explosive character. 

198. Platinum. — ^Platinum, so named fromplata, silver, 
which it resembles in whiteness, is found in the metallic 
state, associated or combined with various metals ; it occurs 
in the form of rounded or flattened grains. Platinum is the 
heaviest of known metals ; it is soft, and, like iron, admits 
of being welded at a high temperature ; it is very malleable 
and ductile; it is not affected by air or moisture at any tem- 
perature i it is infusible in the most powerful furnaces, but 
melts in the flame of the oxy-hydrogen blowpipe, or by 
means of Galvanism. Platinum is used in the construction 
of crucibles, in cases in which acids are employed which 
would act upon other metals, or upon glass ; it is also used 
in the form of a conducting wire in electric and galvanic 
batteries. The remarkable property of spongy platinum in 
causing the union of oxygen and hydrogen gases, has been 
already noticed, pp. 32, 33. 

199. AphlogisticLamp. — The principle of the Aphlogistic, 
or flameless, lamp depends upon the slow combustion of in- 
flammable or explosive substances at a lower temperature 

197. In whal state does gold occur in nature ? Explain the process of sepa- 
rating gold from silrer by quartation. What are the properties of gold ? What 
if falminating gold ?_198. In what state is platinum found in nature ? What 
are its properties ? For what purposes is it used ?— 199. Explain the principle 
of the aphlogistic lamp. 
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Fig.M. 



than is necessary for inflammation. In the annexed figure, 
A represents a vessel, which is sup- 
plied with alcohol by an apertare at 
C. A glass tube, B, of several inches 
in length, is fitted to the vessel by 
means of a wooden cork. Within the 
glass tube is a coil of platinum wire, 
wound round a piece of wood, which 
tapers upward in a conical form; a 
communication between the wire and 
the alcohol is effected by means of a 
piece of wick. When the lamp is to 
be used, the platinum maybe ignited 
by the flame of a candle ; the wire 
will remain red hot, and emit a feeble 
light, so long as there is any alcohol 
in the vessel. A cylinder of camphor 
may be substituted for both the wick 
and the alcohol. 

200. Palladium, Rhodium, Osmium, Iridium. — These 
four metals are found in the ore of platinum. When the 
ore is digested in hydrochloric acid, the platinum, together 
with palladium, rhodium, and other metals, is dissolved; 
while a black powder remains, which consists of osmium 
and iridium. These metals are procured in very small 
quantities, and their properties are very imperfectly known ; 
tiiey exhibit the same property as platinum, in determininp^ 
the combustion of oxygen and hydrogen gases. 

201. Experimentt. — (1.) If a portion of potassium be heated, 
and confined in a ^lass vessel of oxygen, combustion rapidly takes 
place, with a brilliant white flame, and with the formation of pure 
potash. 

(2.) If a globule of sodium be thrown into hot water, the water 
is violently decomposed, with the production of sparks and flame, 
as the particles of the metal are thrown out of the water. 

(3.) If a little pure baryta and a spoonful of alcohol be stirred 
to|^ether in a tea-cup, and inflamed, the mixture will bum with a 
brilliant yellow colour. If a little powdered ttrontia be similarly 
treated, it will burn with a splendid red flame. 

(4.) Four some lime-water into a tumbler, and breathe frequently 



200. What other metals are found anociated with the mre of platinaiiif ta 
what do these metals agree with platinum ? 
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into it by meitai of a glass tube ; the li^aid» from being transparent 
will become opaque, owing to the formation of carbonate of lim§ 
by the union of the carbonic acid from the lungs with the lime of 
the water. 

(5.) If a saturated solution of sulphate of magnesia be heated, 
and mixed with a solution of carbonate of potash, decomposition 
immediately takes place, and carbonate of magnesia will be precipi- 
tated in the form of a light white powder. 

(6.) Make a strong solution of alum, so that it will crystallize on 
cooliuff, and suspend in it a wire basket ; on withdrawing the basket 
in an hour or two, it will be found to be covered with a crust of 
beautiful crystals. Instead of alum, sulphate of copper, or blue 
vitriol, may be employed. 

(7.) If one part of the black oxide of manganese, and three parts 
of nitrate of potash, be melted in a crucible till no more oxygen 
gas is disengaged, a greenish powder is obtained, called mineral 
chameleon. Dissolve two or three grains of this in a wine-glass of 
warm water, and observe the many variations of colour as the water 
cools, produced by the constantly varying temperature. 

(8.) If a solution of sulphate of sine, and some liquid ammonia, 
be mixed together, the tine will be precipitated in a white mass, 
and, if the mixture be then shaken, the white mass will be almost 
immediately re-dissolved. 

(9.) The di0erence between an tr<m and a ttnl instrument may 
be seen by letting a drop of nitric acid fall on each : a black spot 
will be formed on the latter, owmg to the acid oxidizing the carbon 
of the steel, and converting it into charcoal ; no such effect will be 
produced on the iron. 

(10.) If some powdered nitrate of copper, moistened with a very 
UtUe water, be spread on a piece of tinjoil, and wrapped up imme- 
diately, the foil will presently ignite, and burst into a flame. 

(11.) Write with a solution of muriate of cobalt^ and the writing,, 
while dry, will not be perceptible ; but, if held to the fire, it wUl 
gradually become visible, and appear of an elegant green colour. 
With acetate of cobalt, the writing will be blue. 

(12.) If metallic artenie be previously inflamed in oxygen gas, it 
will bum till the whole is consumed, with a very brilliant com- 
bustion. 

( 13.^ If five or six grains of sulphuret of antimony be mixed with 
half its weight of chlorate of potash, and the mixture be smartly 
struck with a hammer, upon a steel anvil, it fulminates with a loud 
report, and with the emission of a brilliant and rapid flame. 

(14.) A solution of frumutA in nitric acid is colourless; a solution 
of galls is also colourless ; pour the solutions together, and a ^oioti 
precipitate will be procured. 

(15.) A bright silver coin may be dipped into a solution of sul- 
phate of copper, without undergoing change ; but if the blade of a 
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penknife, or a piece of polished iron, be immersed in the solution, it 
will acquire the appearance of copper. 

(16.) Mix half an ounce of each of the following salts : — sulphate 
of magnesia, sulphate of soda, sulphate of copper, and alum — ^in a 
large cup of boiling water. Evaporate slowly, and each salt will be 
found separately crystallized, presenting the same form and pro- 
perties which it possessed previous to its solution. 

(17.) If an ounce of red-lead and half a drachm of powdered 
charcoal be intimately mixed in a mortar, and the mixture be intro- 
duced into the bowl of a tobacco pipe, and thus placed in a com- 
mon fire, the lead will be reduced, and may be poured out in the 
metallic state. 

(18.) Fill a small bottle with a solution of acetate of lead ; then 
introduce a small piece of zinc, suspended by a thread to the cork ; 
in a day or two the lead will be precipitated from its solution, and 
will adhere to the zinc, forming what is called the lead tree, 

(19.) If mercury be heated in chloxine gas, it bums with a pale 
red flame, and the substance, called carrotive wbUmate, is formed. 
This preparation is a bi-chloride of mercury. 

(20.) If a bar of polished copper, or a piece of copper wire, be 
dipped into a solution of nitrate of silver, and allowea to remain 
there for ten minutes, it will be found, on removal, to be coated 
with metallic silver. 

(21.) If a small quantity of the above solution be dropped on a 
clean plate of copper, a metallic vegetation will soon be perceived, 
sprea^g out into various forms, furnishing an instance of metallic 
reduction. 

(22.) The tree of Diana is formed by means of an amalgam of 
silver and mercury dissolved in diluted nitric acid, and mixed with 
water. If an ounce of this solution be poured into a phial, and a 
small piece of soft amalgam of silver be dropped in, filaments of 
reduced silver will shoot from it, and extend upwards, in the form of 
a shrub. 

(23.) Pour a little purified nitric acid into one wine-glass, and 
muriatic acid into another, and drop a little gold-leaf into each. In 
this case neither of these corrosive acids will act upon the metal. 
But, if the contents of the two glasses be poured together, the metal 
will be completely dissolved. 
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CHAPTER XIV. 

APPLICATIONS OF CHEMICAL SCIENCE. 

202. Application of Chemial Science in Agriculture.-^ 
This subject has been ably investigated by Liebig, whose 
views are, in many instances, so novel and of such exten- 
sive application, as to deserve a M)ecial notice. Liebig 
divides his subject into two parts. In the first, he discusses 
the chemical processes which occur in the nutrition of ve- 
getables, v^ith particular reference to the chemical com- 
pounds which yield them their principal constituents. The 
second part is devoted to the chemical processes of fermen- 
tation, putrefaction, and decay; and to the changes which 
organic substances undergo in their conversion into in- 
organic compounds, as well as to the causes which deter- 
mine these changes. 

203. When plants are submitted to destructive analysis, 
they are found to consist, principally, of carbon, nitrogen, 
and oxygen and hydrogen in the proper relative proportions 
for forming water. Hence, the question arises — from what 
sources are these elements supplied to plants ? 

204. Assimilation of Carbon^ — The fertility of every soil 
has been generally supposed by physiologists to depend on 
the presence in it of a peculiar substance, called humusy or 
vegetable matter in a state of decay. This substance was 
supposed to be absorbed by the roots of plants, and thence 
conveyed into vegetable tissues, where its carbon is ab- 
stracted. Yet Liebig adduces the following most conclu- 
sive proofs that humus, in the form in which it exists in the 
soil, does not yield tlie smallest nourishment to plants. 
] . The humus or humic acid of chemists, although soluble 
when newly precipitated, becomes completely insoluble 
when dried in the air, or when exposed in the moist state to 
the freezing temperature. This is also proved by treating 
a portion of good mould with cold water: the fluid remains 
colourless, and is found to have dissolved less than a 
100,000^^ part of its weight of organic matters, and to 

203. What are the constituents of vegetable matter?— 204. What opinion 
was held by physiologists respecting the action of humus? State the arguments 
by which Liebig controverts this opinion. 
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contain merely the salts which are present in rain-water. 

2. Supposing, for the sake of argument, that humic acid is 
absorbed, in the form of that salt which contains the largest 
proportion of the acid, viz. of humate of lime — it is then 
shown by Liebig, from the known quantity of the alkaline 
bases contained in the ashes of plants, in relation to the 
carbon they contain, that not so much as l-dO**" of the car- 
bon of fir- wood, nor so much as l-20**» of the carbon of 
wheat straw, could be derived from humus in this way. 

3. The quantity of humic acid, which plants can receive 
through the agency of rain-water^ is next considered. 
Humate of lime requires 2,500 parts of water for solution. 
Now, supposing all the rain-water which falls upon a field 
to become saturated with humate of lime, and to be ab- 
sorbed by the plants growing upon it, then the quantity of 
humate of lime, which the plants thus nourished could ob- 
tain, might be calculated. But it is proved to be quite in- 
sufficient to account for the carbon contained in the com or 
in the beet-root grown upon the land. 4. Lastly, a certain 
Quantity of carbon is taken every year from a forest or mea- 
dow, in the form of wood or hay, and, in spite of this, the 
quantity of carbon in the soil increases — ^it becomes richer 
in humus. 

205. The carbon of plants must, therefore, be derived 
from other sources ; and, as the soil does not yield it, it can 
only be obtained from the atmosphere. It has been found 
by experiment that the quantity qf carbonic acid In the 
atmosphere amounts to one-thousandth of its weight ; and 
this amount is sufficient to supply carbon to all the plants 
and animals on the surface of the earth. ** It is known,*' 
says Liebig, '' that a column of air of 2441 tbs. weight rests 
upon every square Hessian foot (=« 0*567 square foot Eng- 
lish) of the surface of the earth ; the diameter of the earth 
and its superficies are likewise known, so that the weighl 
of the atmosphere can be calculated with the greatest exact- 
ness. The thousandth part of this is carbonic acid» which 
contains upwards of 27 per cent, carbon. By this calcu- 
lation it can be shown, that the atmosphere contains 8306 
billion lbs. of carbon — a quantity which amounts to more 



a06. What is the amount of carbonic add contained in the atmosphere? 
How does Liebig show that this amount contains sufficient carbon for the sqi». 
ply of the whole vegetable kingdom f 
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than the weight of all the plants, and of all the strata of 
mineral and brown coal, which exist upon the earth. This 
carbon is, therefore, more than adequate to all the purposes 
for which it is required." 

206. Having shown that the carbon of plants is derived 
from the atmosphere, Liebig proceeds to inquire what is the 
actual influence of humus on vegetation. Humus, as has 
already been stated, is vegetable matter in a state of decay, 
and its decay is accompanied by a phenomenon of a peculiar 
kind. This substance, in contact with air or oxygen gas, 
converts the latter into an equal volume of carbonic acid, 
and its decay ceases upon the disappearance of the oxygen. 
A substance then remains, mouldy which is the product of 
the complete decay of woody fibre, and constitutes the prin- 
cipal part of brown coal and peat. ** Humu8, therefore, is a 
continued source of carbonic acidf which it emits very 
slowly. An atmosphere of carbonic acid formed at the ex- 
pense of the oxygen of the air, surrounds every particle of 
decaying humus. The cultivation of land, by tilling and 
loosening the soil, causes a free and unobstructed access of 
air. An atmosphere of carbonic acid is, therefore, contained 
in every fertile soil, and is tlie first and most important food 
for the young plants which g^w in it." It is hence con- 
cluded that humus nourishes plants, not by being absorbed 
and assimilated per se, but by presenting to their roots, in a 
decomposing state, a slow and continued source of nourish- 
ment, in the form of carbonic acid. This source is bene- 
ficial to plants onljT until their leaves are developed, which 
enable them to assunilate carbon from the atmosphere. 

207. Assimilation of Hydrogen, — The soHd part of plants, 
or woody fibre, contains carbon and the constituents of 
water, or the elements of carbonic acid and a certain quan- 
tity of hydrogen : 100 parts of carbonic acid reauire the 
addition of 8*04 parts of hydrogen to form woody fibre, and 
72*35 parts of oxygen are separated in the state of gas, if we 
suppose that the hydrogen is derived from the decomposition 
of water. Water is a remarkable combination of two ele- 
ments, which have the power to separate themselves from 
one another, in innumerable processes, in a manner imper- 

_ 

206. What, then, is the precise action of humus in the natrition of plants P 
For how long a period in tiie life of a plant is the action of humus required ?-. 
207. From what source is the kffdr<^en of plants supposed to be derived? 
Whence is it inferred that plants are capable of decomposing water ? 
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ceptible to our senses ; and we may be certain that plants 
possess this property, from their generating such substances 
as wax, volatile oils, &c., which are rich in hydrogen, but 
contain no ox^rgen; there is, in fact, no other body, but 
water, from which they could obtain the hydrogen of these 
matters. 

208. Assimilation of Nitrogen, — As the carbon and the 
hydrogen are not presented in their simple state to the ab- 
sorbing vessels of plants, so it is concluded that nitrogen is 
not admitted in its uncombined form. liebig adduces many 
facts to prove that it is ammonia^ which affords all vegeta- 
bles, without exception, the nitrogen which enters into their 
composition. He has shown that ammonia exists in the 
atmosphere, a sensible quantity of this substance having 
been found in rain water collected at a distance from all 
habitations. The amount of nitrogen exhaled into the at- 
mosphere from thousands and millions of dead bodies is 
more than sufficient to supply all those living at one time 
with this element. Liebig also shows that animal manure, 
so far as regards the assimilation of nitrogen, acts only by 
the formation of ammonia. The advantage of manuring 
land with burned clay^ and the fertility of ferruginous soils, 
which have been considered incomprehensible facts, are ex- 
plained in an equally simple manner. 

209. The limits of this elementary work forbid the intro- 
duction of various other subjects connected with vegetable 
physiology, as elucidated by chemical science. They are, 
however, equally interesting with the foregoing ; and it is 
hoped that the young student will not fail to make himself 
acquainted with the views of Liebig, whose work may justly 
be considered as the earliest application of the newly- 
ereated science of Organic Chemistry to Agriculture. 

210. Application <rf Chemical Science in Manufactures, — 
The manufacture of Sulphuric Acid, and the various rela- 
tions of this substance to other departments of industry, 
furnish an interesting illustration of the value of chemical 
science in promoting, not only the physical comforts of in- 
dividuals, but the commercial welfare of nations at large. 
The subject has been lately impressed upon the German 



208. From what compound body is the nitrogen of plants procured ? From 
what sources is ammonia supplied to the atmosphere ? How does animal ma. 
nure act in the process of vegetable nutrition ? 
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public by an able article in tbe ** AUgemeine Zeitung,'* and 
has been laid before tbe British Goyemment in a ** Letter 
on the State of the Schools of Chemistry in the United 
Kingdom,'* by Dr. William Gregory, of Aberdeen. The 
following observations have been principally compiled from 
the latter source. The account is given as a specimen of 
the effects produced by one chemical manufacture only, 
adthough that is probably the most important of all, if we 
except the iron manufacture. 

2111 The first great stimulus to the improvement of the 
manufacture of sulphuric acid was g^ven by the announce- 
ment of a prize of ^0,000, offered by the Emperor Napoleon 
for the discovery of a simple and cheap process for extracting 
soda from sea-salt. Soda, as is well known, has been used, 
from time immemorial, for the manufacture oisoap and glass, 
two products of the highest value to mankind. During the 
war, France was deprived of her accustomed supply of barilla 
(the usual source of soda) and of soap from Spain, the ports 
of both countries being watched by the British fleet. The 
high price of soda, soap, and glass, consequent on this state 
of things, led to the offer of the prize above mentioned ; 
and the difficulty was removed by the French chemist, 
Leblanc ; who furnished a cheap and simple process for ex- 
tracting soda from sea-salt. France soon supplied herself 
at a cheaper rate than before, and manufactories of soda, 
soap, and glass, arose and flourished. Let us now consider 
the nature of Leblanc's process. 

212. To convert salt into soda, the first step, according 
to this process, which is now, with some modifications, uni- 
formly followed, is to convert the salt into sulphate of soda. 
This can only be done by means of sulphuric acid, of 
which 80 lbs. are required for 100 lbs. of salt. Hence, one 
of the first effects of Leblanc's discovery was» to create a 
very large demand for sulphuric acid. The attention of 
scientific men was, henceforth, directed to the economical 
improvement of this manufacture; every year produced 
some new amelioration, while the price of the acid steadily 
fell, and the demand for it as steadily increased. 



211. Explain the cause which led to the improvement of the manufacture of 
sulphuric acid, in France. For what important purposes is soda employed ?— . 
212. What is the first step in Leblanc's process? What substance was imme- 
diately brought into great demand? 
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2*13. The price of the materials for manofacturiog sul- 
phuric acid, viz. sulphur and saltpetre, now became a point 
of more importance than formerly. That of nitre was so 
high, as to stimulate the manufacturer to search for some 
substitute, which was speedily found in the nitrate ofaoda^ 
enormous beds of wmch oover whole plains in Soudi 
America. This salt is much cheaper tlum saltpetre, and 
preferable to it for the manufacture both of nitric acid and 
of sulphuric acid ; but, besides the direct effect of cheap- 
ening these acids, the introduction of nitrate of soda, by 
limitiog the use of saltpetre to the making of gunpowder, 
for which nitrate of .soda does not answer, h&s inroduced the 
indirect effect of cheapening gunpowder, the price of salt- 
petre necessarily falling as the demand for it diminished. 
ThU must be, in time, a material source of saving to 
governments. 

214. Finally, with regard to the chief material, sulphur, 
on which the price of sulphuric acid now principally de- 
pends, it is well known that our manufacturers derive 
nearly their whole supply from Sicily, so that Naples may 
be said to possess a monopoly of that article. That the 
trade in sulphur is highly important to both nations is ob- 
vious, when we reflect on the enormous quantities of 8i]d- 
phuric acid now manufactured in Britain alone. A small 
manufactory will produce from 250 to 300 tons annually; a 
large one, 3000 tons, or more ; it is no wonder, then, that 
the late interruption to the trade in sulphur caused great 
uneasiness among our manufacturers. JBut it had another 
effect: the attention of chemists was keenly directed to 
other means of procuring sulphur, and during the period of 
obstruction to the sulphur trade, it is said that no fewer 
than fifteen patents were taken out in England for recover- 
ing the sulphur from the sulphuric acid used in the soda 
manufacture. The restoration of the trade to its accus- 
tomed channel has postponed the accomplishment of this 
object ; but the impulse has been given, and Naples may 
ere long find good cause to regret that she ever allowed any 
obstruction to the trade in sulphur. We have whole moun- 

S13. In the manufacture of sulphuric acid, what substance was employed as a 
substitute for nitre ? What indirect effect was produced by this substitution ?— 
314. Whence is our supply of sulphur obtained ? Show the importance of the 
sulphur trade to both countries. What other sources of sulphur are arailable 
to this country ? 
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tains of gypsum and heavy spar, and abundance of pyrites 
and galena, all of them minerals containing sulphur, which 
we shall one day find the means of extracting economically ; 
indeed, during the period above alluded to, many tons of 
sulphuric acid were actually made from iron pyrites. 
When we consider the resources of modem chemistry, it 
will not appear improbable, that, if the sulphur trade had 
been obstructed for a year longer, it might'' by this time 
have been lost to Naples for ever. 

215. These considerations are of themselves sufficient 
to show that the manu&cture of sulphuric acid has become 
a matter of national importance, were it only on account of 
its use in making soda; this alkali is now sold in a state of 
perfect purity, and at a wonderfully low price, so low, in- 
deed, as almost to hate put an end to the use of potash. 
The quality of glass and soap has <been very much improved, 
and their price greatly diminished; the consumption of 
both articles has naturally increased in a corresponding 
ratio. Wood ashes, no longer in demand to nearly the 
same extent as formerly for manufactures, must also fall 
in price, and will soon be employed as one of the most 
powerful manures for our wheat fields. 

216. Such are a few of the bearings of the manufacture of 
sulphuric acid, called into existence, or, at least, vitally 
improved, by the demand for cheap soda. But this is not 
dl. One or two of its immediate results remain to be 
pointed out. 

217. Bleaching Powder, — ''It has already been mentioned, 
that sea-salt, in order to yield soda, must first be converted 
into sulphate of soda. Now, in acting on the salt for this pur- 
pose with sulphuric acid, an enormous quantity of muriatic « 
acid is produced, which, in the earlier periods of the manu- 
facture of soda from salt, was thrown away as worthless, so 
great were the profits realized on the soda. But muriatic 
acid contains chlorine^ and no other compound of chlorine 
yields that body more easily or more cheaply than muriatic 
acid. The bleaching properties of chlorme were known, 
but had not yet been applied on the great scale. At first 
the chlorine was disengaged directly from the muriatic acid, 

215. State, generally, the beneficial results which have accrued firom the im- 
proved manufacture of sulphuric acid.— ai7. What advantage was secured by 
Leblanc's process in the production of UeaiMng powder f What would have 
been the results of continuing the old process of bleaching f 

I 
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and brought in contact with the cloth to be bleached, in the 
form of gas ; but it was soon found that, by combining the 
chlorine with lime, it might be obtained in a solid form 
(bleaching powder), capable of transportation to any dis- 
tance. Hence arose a new and lucratiTC manufacture, of 
such importance, that it may safely be asserted, that, but 
for the discovery of the bleaching powder, the cotton manu- 
factures of Britain would never hare attained their present 
development: nay, more, had the British manu£stcturers 
been tied down to the old method of bleaching, they could 
not long have competed, in the price of cottons, with France 
or Germany. 

218. "To bleach in the old style, the first requisite is 
land, and that, good and well-exposed meadow land. The 
cloth must be exposed for several weeks, and that only 
during summer, to sun and air, and must besides be con- 
stantly watered by hand. Now, a single manufactory, of 
moderate size, near Glasgow, bleaches on the new system, 
on an average, 1,400 pieces of cloth daili/ throughout the 
year. Let us only consider what an amount of capital 
would be required merely to rent the land necessary for 
bleaching in the old manner this enormous quantity of 
cloth, in the vicinity of a large city. Let us reflect on the 
time and labour which would be indispensable, and we shall 
soon perceive that, with such burdens, the British manu- 
facturer could not compete with his rivals on the continent, 
where vast tracts of fine meadow land might be had, distant 
from any great city, at a faf cheaper rate, and in a more 
sunny climate. The superiority of our machinery would 
thus be in a great measure neutralized, were it not for the 
manufacture of bleaching powder, which in its turn depends 
on those of sulphuric acid and of soda. I need not do more 
than allude to the use of the bleaching powder in paper- 
making, which is one great cause of the superior quality 
and low price of paper in Britain. 

219. ** Another important use to which the muriatic acid 
produced in the soda manufacture, and formerly thrown 
away, is now applied, is that of preparing cheap and superior 
ghie from bones.. Bones consist of bone- earth and glue ; 
the former is readily dissolved by diluted muriatic acid, 

218. Explain the old process of bleaching, and state the advantages of the 

new plan 219. To what important use is the muriatic acid, produced in the 

soda manufacture, now devoted ? 
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nrhile the latter is left, and has only to he dissolved in 
warm water to he ready for use. The acid solution of the 
bone-earth, on the other hand, promises to be an admi- 
rable form of using that earth as manure. Professor Liebig, 
in his late valuable work on Agricultural Chemistry, has 
recommended this application. At present, the solution 
in question is thrown away as useless in the glue manu- 
factories. 

220. Refining of Silver. — " The last application of sul- 
phuric acid which I shall here mention is a very recent one, 
and owes its origin to one of the most scientific chemists of 
the day, M. Gay-Lussac. It consists of its employment in 
the refining or purification of silver. Silver, as it comes 
from the mines, is alloyed with one-half, or rather more, of 
oopper. It also contains a small quantity of gold. It must 
be refined — that is, purified ; and the pure or fine silver is 
then alloyed with the due amount of copper to form the 
standard silver, ^ 

221. ** Raw silver was formerly refined by cupellation, a 
process which cost about d5«. for 50 lbs. of suver. The 
gold contained in the silver would not repay the expense of 
extracting it, and was therefore allowed to remain, and to 
circulate m the silver, absolutely worthless. But by means 
of sulphuric acid, cupellation is avoided ; the silver is re- 
fined at a most trifling cost, and the gold is obtained by the 
same operation ; nay, even the copper, which was formerly 
lost, is now preserved ; and although the gold only amounts 
to from Txftni*** *^ rsW*** ^^ *^® weight of the silver, yet, as 
its value is about U per cent, of that of the silver, it not 
only repays the whole expense of refining, but leaves a clear 
profit to the refiners. This beautiful application of che- 
mistry has given rise to the singular and apparently anoma- 
lous result, that the seller of raw silver receives from the 
mint Uie exact quantity of pure silver which his alloy, on 
being tested, is found to contain, and likewise the whole 
amount of the copper present in the alloy, thus apparently 
paying nothing for the process of refining. The refiner is 
paid by the gold which he retains, and which was formerly 
lost to every one. The saving effected by this improvement 
to the French mint is stated to have been enormous. 



220. What other important application of sulphuric acid has been disco- 
vered?— 821. What are the advantages of refining silver by the new process ? 
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222. ^^I must not dwell longer on details of this kind; 
but I would mention, in passing, that, but for the wonder- 
fully low price of sulphuric acid, it would have been impos- 
sible to produce a number of useful articles not yet men- 
tioned ; such as the beautiful stearine candles, phosphorus, 
phosphorus matches, lucifer matches, and many other pro- 
ducts remarkable for their superior quality, and for their 
astonishing cheapness. The present prices of sulphuric, 
nitric, and muriatic acids, of soda, soap, glass, phosphorus, 
&c. &c., would have been considered, a quarter of a cen- 
tury ago, as fabulous and impossible. Who can foresee 
what new discoveries, or what improvements on old ones, 
may arise duriog the next twenty-five years ?** 

223. Application of Chemical Science in Medicine, — The 
relations between chemical science and the resources of the 
healing art are obviously numerous ; it will be sufficient to 
adduce one important instance on the present occasion. In 
1812, M. de Courtois, a manufacturer of saltpetre at Paris, 
observed, in his process for procuring soda from the ashes 
of sea- weeds, that the metalhc vessels were much corroded, 
and, in searching for the cause of the corrosion, he dis- 
covered one of the most singular and important of the 
chemical elements, iodine. Curiosity was excited ; and the 
new substance, which might otherwise have escaped detec- 
tion for ages, was traced to the sea- plants, from whose ashes 
the principal ingredient of soap is obtained, and ultimately 
to the sea- water itself. It was afterwards discovered in salt 
mines, and springs, and searched after in all bodies of ma- 
rine origin — among the rest, in sponge. But the ashes of 
burnt sponge had been successfully employed as a remedy 
for one of the most unsightly and grievous disorders to which 
the human species is liable^the goitre. Nothing at that 
time was known of iodine ; but the discovery of this sub- 
stance in the ashes which had been empirically employed as 
a remedy, immediately suggested its use in this disease, and 
the result established the curious fact that iodine acts as a 
specific in goitre. '* It is thus," says Sir J.Herschel, ** that 
any accession to our knowledge of nature is sure, sooner or 
later, to make itself felt in some practical apph'cation, and 
that a benefit conferred on science by the casual observation 

222. What other adTantages have resulted from the low price of sulphuric 
acid?— 223. How was iodine discovered f How was lis application in medicine 
established? 
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or shrewd remark of even an unscientific or illiterate person 
infallibly repays itself with interest, though often in a way 
that coidd never have been at first contemplated." 

224. Application of Chemical Science in the Arts. — " The 
transformations of chemistry," observes the writer just 
quoted, **by which we are enabled to convert the most 
apparently useless materials into important objects in the 
arts, are opening up to us every day sources of wealth and 
convenience of which former ages had no idea, and which 
have been pure gifts of science to man. Every department 
of art has felt their influence, and new instances are con- 
tinually starting forth of the unlimited resources which this 
wonderful science develops in the most sterile parts of 
nature. Who, for instance, would have conceived that linen 
rags were capable of producing more than their own weight 
of sugar, bv the simple agency of one of the cheapest and 
most abundant acids — the sulphuric ? — that dry bones could 
be a magazine of nutriment, capable of preservation for 
years, and ready to yield up their sustenance in the form 
best adapted to the support of lifb, on the application of that 
powerful agent, steam, which enters so largely into all our 
processes, or of an acid at once cheap and durable ? — that 
sawdust itself is susceptible of conversion into a substance 
bearing no remote analogy to bread ; and though certainly 
less palatable than that of flour, yet no way disagreeable, 
and both wholesome and digestible as well as highly nutri- 
tive? What economy, in all processes where chemical 
agents are employed, is introduced by the exact knowledge 
of the proportions in which natural elements unite, and their 
mutual powers of displacing each other ! What perfection 
in all the arts where flre is employed, either in its more 
violent applications (as, for instance, in the smelting of 
metals by the introduction of well*adapted fluxes, whereby- 
we obtain the whole produce of the ore in its purest state), 
or in its milder forms, as in sugar-refining (the whole mo- 
dem practice of which depends on a curious and delicate 
remark of a late eminent scientific chemist on the nice ad- 
justment of temperature at which the crystallization of 
syrup takes place) ; and a thousand other arts which it 
would be tedious to enumerate." — Introd. to Nat. Phil.ip, 64. 



224. State some of the opplicatioos of cbemical science in the arts. 
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ACID. A substance which changes 
the blact green, and purple juices 
of vegetables to a red colour, and 
unites with alkalies and metallic 
oxides to form salts. 

ALEMBIC. An Arabic term for 
a chemical vessel of glass or metal, 
formerly used in distillation. See 
page 52. 

ALKALI (kali, an old name for 
potash). A substance which changes 
blue vegetable colours to green, and 
unites with acids to form salts. 

ALLOY. A compound of two or 
more metals, except when mercury 
is one of them, in which case the 
compound is termed an amalgam, 

AMALGAM (ama, together,^ain«o, 
to marry). A compound of mercury 
with some other metal. 

ANALYSIS (ana, again, bM, to 
solve). The separation of a com- 
pound into its elementary parts. 
See Synthesis. 

ANHYDROUS (a, priv., hpdor, 
water). Without water ; as applied 
to crystals, gases, &c. See Hydrates. 

ANNEALING. The process of 
heating a metallic body, and suffer- 
ing it to cool again in a moderate 
temperature, in order to restore its 
malleability. 

APHLOGISTIG LAMP (a, priv., 
phlego, to burn). A lamp which 
bums without flame (page 104). 

ATMOSPHERE (atmos, vapour, 
sphttira, a sphere). The volume of 
air which surrounds the earth. 

ATOM (a, priv., temno, to cut). 
That which cannot be divided ; an 
ultimate particle of matter. 

ATTRACTION (attraho, to draw 
to). The tendency which bodies have 
to be drawn to each other. It dif- 
fers from gravity in being a more 
general term : gravity is a species 
'' attraction. 



COH 
AZOTE (a, priv., zoe, life). Life- 
depriver ; a term applied to nitnh- 
gen, from its being incapable, alone, 
of supporting life. 

BAROMETER (Aarof, weight, me- 
iron, a measure). A weather-glass ; 
an instrument for measuring the 
varying pressure of the atmosphere. 

BASIS (basis, a base). 1. The 
substance with which an acid is 
combined in a salt 2. A mordaunt j 
a substance used in dyeing, which 
has an affinity both for the cloth 
and the colouring matter. 

BI (Ms, twice). A prefix signify, 
ing that the base is contained in m. 
compound in two definite propor* 
tioni. 

CALCAREOUS (cffbr, lime). The 
name of a class of earths, consisting 
of lime and carbonic acid, as chalk, 
marble, &c. 

CALCINATION (ca£r, lime). The 
process of forming a calx, or oxide, 
by exposure to intense heat in the 
open air. 

CEMENTATION. A prtMsess by 
which the properties of a body are 
changed, on being surrounded by 
other bodies in a state of powder, 
and exposed to a high temperature, 
as in the conversion of iron, into 
steel by cementation with charcoal. 

CHALYBEATE (Chalybes, a peo- 
ple who dug iron out of the earth). 
The name of waters which contain 
iron. 

CHEMICAL COMBINATION. 
The intimate union of two bodies, 
which forms a compound differing 
in one or more qualities from either 
of the constituent bodies. 

COHESION (cohasreo, to ding to- 
gether). The species o^ attraction 
by which the component parts of a 
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body coheret or are kept together. 
It is the antagotiwt of expansion. 

CONCENTRATION. The 
strengthening of solutions, mix- 
tares, &c., by oTaporation of their 
watery parts. 

CONDENSATION (condenso, to 
make thick). The act of diminish- 
ing the bulk of a body, as by the con* 
version of steam into water, gases 
into liquids, liquids into solids. 
When this is done by external 
force, it is termed compressUm. 
. CONGELATION (;e/tf,cold). The 
thickening, or solidification, wholly 
or in part, of a liquid. Thus water 
congeals, and becomes ice; the 
skins of animals, when dissolved 
in water by boiling, congeal, and 
become glue. 

CREPITATION (crepUo, to 
crackle). The crackling soond oc- 
casioned by certain salts during 
calcination. 

CRUCIBLE (crux, a cross, which 
the alchemists stamped upon the 
vessel; or crucio, to torture). A 
chemical vessel in which the metals 
were tortured, to force them to be- 
come like gold. 

CRYSTALLIZATION (crystal- 
los, a crystal). The process by 
which the particles of liquid or 
gaseous bodies form themselves into 
crystals, or solid bodies of a regu- 
larly limited form. 

CUPEL (kuppel, German, a cup). 
A small flat,c«j9-like crucible, made 
of bone ash. 

CUPELLATION. The process of 
purifying gold and silver by melt- 
ing them with lead, which is first 
oxidated, then vitrified, and sinks 
into the cupel, carrying along with 
it all the baser metals, and leaving 
the gold or silver upon its surface. 

DECREPITATION (dcfnm.ere- 
pito, to crackle). The crackling 
noise which takes place when cer- 
tain bodies, as salts, are heated. 

DEFLAGRATION (dejiagro, to 
bom). The oxidation of metals by 



mixing them with nitrate or chlo- 
rate of potash, and projectii^ tiie 
mixture into a red-hot crucible. 

DELIQUESCENCE (dettquesco, 
to melt). The property of some 
salts of attracting moisture from 
the air, and becoming liquid. 

DENSITY (ifeiMM, thick). A re- 
lative term, denoting the compara- 
tive quantity of matter in different 
bodies, which is contained in the 
same space. 

DEOXIDATION. The process of 
depriving a substance of the oxygen 
which it contains. 

DEPHLOGISTICATED(<fe, from, 
phlogiston, the inflammable prin- 
ciple). Deprived of phlogpiston ; oxi- 
dised. See Phlogiston, 

DBUTOXIDE (deuteras, second). 
A term applied to a substance which 
is in the second degree of oxidation. 

DIGESTION. The oontinaed ac- 
tion of a solvent upon any substance. 

DISTILLATION (destillo,to drop 
by little and little). The process of 
converting a liquid into vapour by 
means of heat, and of reconverting 
the vapour into liquid by means of 
cold. The sulgeetion of bodies to a 
red heat in close vessels, and the 
collection of the products, constitute 
destructive distillation, 

DUCTILITY (duco, to draw). A 
property of some metals, by which 
they may be drawn oat into wire. 

EFFERVESCENCE (effervesce, 
to grow hot). The commotion pro- 
duced in fluids by the sadden es- 
cape of gas, as <m pouring acid on 
chalk. 

EFFLORESCENCE (^fioresco, to 
blow as a flower). The pulveres- 
cence of crystals, as sulphate of 
soda, on exposure to the air. It is 
opposed to deUgueseence, 

ELASTICITY (elauno, to posh 
back). The property or power by 
which a body, when compressed or 
extended, returns to its former 
state. Sea Gas. 

EMPYREUMATIG (empureuo,to 
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B«t on fire). A teim applied to the 
pecJuIiaf vapoani produced by de- 
stmotiTe distiilation. 

BQUIVALBNT («qui, eqaally, 
valeo, to avail). A term applied to 
the combining proportions of ele- 
mentary and compound subitances. 
It ii frequently used in the same 
sense as the term atom. 

EUDIOMETER (eiMlia,calm wea- 
ther, m^/ron, a measure.) An in- 
strument for ascertaining the pro- 
portion of oxygen in a gaseous 
mixture. 

EXPANSIBILITY (expando, to 
spread out). The property by which 
a body is capable of occupying 
more space than it usually requires ; 
it is called into action by heat. 

FLUX (fluo,to flow). A substance 
or mixture which is frequently add- 
ed to assist the fusion of minerals. 

FRI60RIFIC (Jrigus, coldjacto, 
to make). A term applied to certain 
chemical mixtures, which have the 
quality of producing extreme cold. 

FULMlNATiON {/ulmino, to 
thunder). The explosion which 
takes place in chemical bodies by 
friction or heat. 

FUMING LIQUOR (fumus, 
smoke). A chemical mixture, which 
emits fumes or Tapour, on expo- 
sure to Uie air 

FURNACE. A fire-place em- 
ployed for chemical operations. 
Furnaces hsTo been termed evapo- 
ratory, when employed to reduce 
substances into Tapour by heat ; re- 
verberatOTff when so constructed as 
to prevent the flame from rising 
(p. 90) ; and forge or bkut furnaces 
when the current of air is deter- 
mined by bellows (p. 03). 

FUSION (fUsus, melted). The 
state of melting. Substances which 
admit of being fused are termed 
fusiblet while those which resist the 
action of fire are termed r^/racfory. 
Fusion differs from liquefaction in 
being applied chiefly to metals and 
other substances which melt at a 



high temperature. Igneous fusion 
is the melting of anhydrous salts by 
heat without their undergoing de- 
composition. Aqueous fusion is the 
solution of salts which contain wa- 
ter of crystallisation, by heat. 

GAS. An old Teutonic word, sig- 
nifying air or spirit ; it is now ap- 
plied to any permanent aeriform 
fluid. Gases are distinguished from 
liquids by the name of elastic fluids; 
while liquids are termed non-elas- 
tic, from their having, compara- 
tively, no elasticity. Gases are dis- * 
tinguished from vapours, by their 
reteining their elasticity in all tem- 
peratures. A gaseoits fluid is dis- 
tinguished from other fluids by its 
having the nature of gas. 

GRANULATION. The pouring 
a melted metal into water, in order 
to divide it into small particles, or 
granules, for chemical purposes. 

GRAVITY (gravitas, heaviness). 
The tendency which bodies have to 
fall to the centre of the eaHh. 
Gravity and Attraction are often 
need synonymously; the latter is, 
however, of more genertd applica- 
tion : we speak, for instance, of ca- 
pillary, of magnetic attraction, but 
not of capillary, or magnetic gra- 
vity. For Specific Gravity, see p. 12. 

HYDRAGIDS. Hydro-acids. A 
class of acid compounds, into which 
hydrogen enters as the acidifying 
principle. 

HYDRATES (Ayifor, water). Che- 
mical compounds of solid bodies and 
water, still reteining the solid form. 
If water be not a constituent, the 
compound is said to be anhydrous. 

HYGROMETER (hygros, moi«t, 
metron, a measure). An instrument 
for ascerteining the degree of mois- 
ture of the atmosphere. 

HYGRO METRIC WATER. That 
portion of moisture which gases 
yield to deliquescent salts. 

HYPER (hyper, over or above). 
This prefix is a Greek preposition, 
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denoting excess, as in hpper-oxymn- 
riatic add, a oomponnd containing^ 
more oxygen than oxymuriatic acid. 
H Y PO (hypo» under). Thia prefix 
is a Greek preposition, signifying 
deficiency, as in Ayj9«-nitroas acid, 
a compound contaioing less oxygen 
than nitrous acid. 

IGNITION (ignis,fLn), An effect 
of caloric, implying the emission of 
light ftoxa bodies which are much 
heated, without their suffering any 
change of composition. Bodies be- 
gin to become United, or red-hot, at 
about 800° F. ; the highest point of 
ignition is a white light. 

INCINERATION (incinero, to re- 
duce to aabes, from cinis, a cinder). 
The reducing to ashes by burning. 
The combustion of vegetable or ani- 
mal substances, for the purpose of 
obtaining their ashes or fixed re- 
sidues. 

INFUSION (in/undo, to pour on). 
The poaring of water, hot or cold, 
on vegetable substances, for the 
purpose of extracting their soluble 
and aromatic principles. 

INTEGRAL PARTICLES (inter- 
ger, entire). The most minute par- 
ticles, similar to each other, into 
whibh a substance can be divided. 
Thus, the smallest portion of pow- 
dered marble is still marble ; but if, 
by chemical means, the calcium, the 
carbon, and the oxygen, of this por- 
tion be separated, we then have the 
elementary or constituent particles. 

LEVIGATION (lavigo, to polish). 
The process of rubbing earthf and 
some metallic substances with a 
muller upon a flat table of hard 
stone. Some fluid is added to assist 
the operation, which in this respect 
differs from trituration. 

LITHARGE (lithos, a stone, ar- 
guros, silver). An oxide of lead in 
an imperfect state of vitrification. 
Litharge is more or less white or 
red, according to the metals with 
which the contained silver is al- 



loyed, the white being called lith' 
arge qf silver, the red litharge oj 
gold. 

LIXIVIATION (lixivium, a ley). 
The solution of an alkali or of a 
salt in water, in order to obtain the 
soluble portion in the form of a Ux' 
iviwn, or ley. 

LUTE. A paste made of clay, 
sand, and other materials, for closing 
the joinings of retorts, receivers, 
tee., for the purpose of rendering 
them air-tight. 

MACERATION (ffioc^o, to make 
soft by steeping). The steeping of 
a body in a cold liquid, in order to 
soften it. 

MAGISTERY (magister, a mas- 
ter). A masterly preparation; a 
term formerly applied to almost all 
precipitates. 

MALLEABILITY (malleus, a 
hammer). A property of some me- 
tals, by which they may be beaten 
out into plates, or leaves, by the 
hammer. 

MANIPULATION (manipulus, a 
handful). The mode of handling 
utensils in experimental philosophy. 

MATRASS. A vessel of glass, 
earthenware, or metal, usually of a 
globular shape, and open at the top, 
for the purposes of digestion, evapo- 
ration, &c. 

MATRIX. The earthy or stony 
matter which accompanies ores, or 
envelopes them in the earth. 

MENSTRUUM. A term synony- 
mous with solvent. A liquid which 
does not change the nature of the 
substance to be dissolved. The pre- 
tended universal solvent of the old 
chemists was called an alkahest. 

METALLURGY (metaUon, a me- 
tal, ergon, work). The separation 
of a metal from its ore. It com- 
prises the several operations of as- 
saying, refining, smelting, &e. 

M ETEOROLITES (meteoros, float- 
ing in the air, hthos, a stone). 
Meteoric stones; aerolites; solid 
I oompoands of earthy and metallic 
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PHI, 

mfttten, descending from the ati 
sphere. They all contain iron 
kyed with nickel. 

MOLECULE (dim. of mold 
maw). A minute particle of a 1 1 
or body. It differe from atott , 
being always considered as a i 
tion of some aggregate. S^e , 
tegrant Particles. 

MUFFLE. A smaU earthen r 
fixed in a furnace, and used ii 
pellation, and other processes ii i 
require the access of air. 

NEUTRALIZATION (nettle i 
ther of the two). A term ei i 
ing the effect, when an a^i 
an alkali are combined in sw 
portions that the compound d 
change the colour of litmus 
lets ; in other words, the pro I 
of both are destroyed or neuti 



ORES. The mineral bodi 
which metals are extracted 
are termed sulphurets, wl 
metals are combined with t 
oxides, when combined w 
gen; salts, when combin 
acids. 

OXIDATION. The pi 
converting metals or ot 
stances into oxides^ by c 
with them a certain qu 
oxygen. It differs from 
tion, in the addition of o 
being sufficient to form ax 
the substance oxidized. 

OXY- (airifi; acidj, A 
JiDtiiig^-l* tkn! prodBctio 
m^oco of aciditjft iM m V^ 
the preionce of ^ 
luariatic add* 1 
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parts of bodies, by re-acting upon 
their elements. It is synonymous 
with test. 

R£C RIVER. A vessel fitted to 
the neck of a retort, alembic, &c., 
for the purpose of receiving the 
products of distillation. It is also 
called refrigeratory I from its cool- 
ing the contents. 

RECTIFICATION (rectus, right, 
faciOt to make). The repeating a 
distillation or sublimation several 
times, in order to render a sub- 
stance purer or finer. 

REDUCTION {reducoy to bring 
back). A chemical process, also 
called revivification, by which a 
substance is reduced, or restored, to 
its natural state ; the restoration of 
metallic oxides to the metallic state. 

REFINING. The art of purify- 
ing any thing ; particularly the as- 
saying or purifying gold and silver, 
by separating them from other bo- 
dies which are combined with them. 

RE6ULUS (rex, a king). The term 
regulus'wji originally applied by the 
alchemists to metallic matters when 
separated from other substances by 
fusion ; it originated in their expec- 
tation of always finding gold, the 
king of metals, at the bottom of their 
crucibles, after fusion. The term 
was afterwards applied to the metal 
extracted from the ores of some of 
the metals, which formerly bore 
the name which is now given to 
those metals themselves ; hence, re- 
gulus of antimony — of arsenic — of 
cobalt. 

REPULSION (repeUo, to drive 
back). The property exhibited by 
the particles of bodies, under cer- 
tain circumstances, of refusing to 
meet each other. It is the antago- 
nist of attraction. 

RETORT (retortus, bent back- 
wards). A vessel employed for dis- 
tillation, &c. See page 29. 

ROAST 1 N 6. A chemical process, 
by which mineral substances are 
separated, some of their princi- 
ples being volatilized, and others 



changed, so as to prepare them for 
further operations. 

SALIFIABLE BASE (sal, salt, 
/acio, to make). A substance which 
forms definite compounds with an 
acid, and which, when liquid, or in 
a state of solution, has an alkaline 
reaction. The acid, of whatever 
kind it may be, was denominated 
by Lavoisier, the salifying prin- 
ciple. 

SATURATION (saturo, to satisfy). 
1. A fluid, which holds ^ in solution 
as much of any substance as it can 
dissolve, is said to be saturated with 
it. 2. When two principles, which 
have united to form a new bo4y» 
are in such proportions that neither 
predominates, they are said to be 
saturated with each other ; if other- 
wise, the predominant principle is 
said to be sub-saturated, and the 
other super-saturated, 

SESQUI (contracted from se- 
misque, and a half). A prefix de- 
noting the quantity and a half more. 

SMELTING. The operation . of 
fusing ores for the purpose of sepa- 
rating the metals from the sub- 
stances with which they are mine- 
ralized. 

SOLUTION (solvo, to dissolve). 
The state of being dissolved — the 
result of an affinity between bodies 
in different states with regard to 
cohesion. Liquids are called sol- 
vents, from their acting on, or hold- 
ing in solution, either solids or 
aeriform fluids. The inflaence of 
heat upon the power of solution, 
corresponds with the difference be- 
tween cohesion and elasticity ; upon 
solid bodies, it generally increases 
the power of the solvent, by dimi- 
nishing their cohesion; upon aeri- 
form bodies, it diminishes the power, 
by adding to their elasticity. 

SUBLIMATION (sublimis,rBiBed 
on high). The process by which 
volatile substances are raised by 
heat, and condensed again into the 
solid form. 
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SUB S4LT. OiiginaUy* a salt 
which contained an exceM of base. 
This term now relates to atomic 
composition, a true sub-salt being 
that in which there is less than one 
atom of acid to each atom of base ; 
thus, the ««6-carbonate of soda is 
no longer a sub-salt, but is gene- 
rally termed carbonate of soda. 

SYNTHESIS (sun» together, thesis, 
position). The formation of any 
body from its elements, as opposed 
to analysiSi or the resolution of a 
body into its component parts. 

TEMPERING. The operation of 
heating iron to a certain extent, 
which is indicated by the colour 
presented on the surface of the 
metal. 

TENACITY (teneo, to hold). The 
degree of force with which the par- 
ticles of a body cohere ; a term par- 
ticularly applied to metals which 
may be drawn into wire. 

TEST (testis, a witness). A re- 
agent; a substance which, being 
added to another substance, tests or 
distinguishes its chemical nature or 
composition. 

THERMOMETER (therme, heat, 
metrortt a measure). A measurer of 
heat ; an instrument for comparing 
the degree of active heat existing 
in other bodies. 

TRITURATION (tritus.frmntero, 
to rub). The act of rubbing or 
pounding a substance. 

VACUUM (vacuus, empty). An 
empty space. The term is used to 
denote the interior of a close vessel, 
from which the atmospheric air and 
every other gas have been extract- 
ed. Tlie vacuum produced by means 
of an air-pump is always imperfect ; 



the vessel is, nevertheless, tensed 
an exhausted receiver. 

VAPORIZATION (vapour, va- 
pour). The conversion of a liquid 
into vapour. It may be considered 
under the heads of ebulUtion and 
evaporation. A vapour differs from 
a gas in its want of permanency, for 
it returns to the liquid state, when 
exposed to a diminished tempe- 
rature. 

VITRIFICATION (»«*rwm, glass, 
facio, to make). The conversion of 
a substance, as silica, into glass. 

VITRIOL(vifrtM»,glass). A term 
originally denoting any crystalline 
body possessing a certain degree of 
transparency. There are at pre- 
sent three substances so designated 
— ^the green, or sulphate of iron; 
the blue, or sulphate of copper ; and 
the white, or sulphate of nnc. 

VOLATILITY (volo, to fly). A 
property of bodies, by which they 
are disposed to assume the state of 
vapour, and^y off. 

VOLUME. The apparent, space 
which a body occupies is called its 
volume; the effective space which 
the same body occupies, or ita real 
bulk of matter, is its mass ; the re- 
lation of the mass to the volume, or 
the quotient of one by the other, is 
its density ; and the empty spaces 
which render the volume larger 
than the mass, are ita pores. 

WELDING. A property of cer- 
tain metals, by which, at a white 
heat, an incipient fusion takes place, 
which covers their surface with a 
kind of varnish, so that, when 
brought into contact in this state, 
different metals may be perma- 
nently united by forging. 



THE END. 
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"" The beginner cannot do better than make himself master of this little volume. 
It may be described as a concise but oomprehensive introductory treatise.**— ^^^. 

''*' Inis manual is entitled to general praise for the grasp of its subject, the distinct- 
ness of its arrangement, the fulness of its matter, and the clearness of its style.** — 
Spectator, 

s. BKBjnrAA or tub btbabk nrozvsi 

With Recapitulatory Questions on each Chapter, and Index. By R. D. HOBLYN, 
M.A. Foolscap 8vo, wish 4 engraved Plates and 85 Wood-cuts, 6s. 

" The description of the various parts of a steam engine is the most clear and satis- 
fsctoiy we ever met with.** — The Britannia, 

" A work, for cheapness and compactness, extensive range of subject, and compe- 
tent illustration, we can safely recommend to our readers as the best of the day.* <— 
Railway Magazine, 

«. aiAvvAA or aaoxiOOT i 

With Becapitalatory Questions on each Chapter, 44 Wood-cuts, and coloured Geo- 
logical Map of the British Islands. By PROFESSOR MACGILLIVRAY, 
LL.D., Marischal College, Aberdeen. Second Edition^ enlarged, foolscap 8vo, 4s. 6d. 

^^ A better and more useful manual we never met with.**— 7%; Age. 

" The Author has compressed into his Manual as much fact, and that too of a well- 
selected and well-authenticated kind, as we betieve a book of the size could possibly 
be made to contain — it forms the veiy best companion which the young geologist can 
take with him in his nmhles»* '^Edinburgh Witness, 

S. MASrVAA or BOTAVTI 
Comprising Vegetable Anatomy and Physiology, or the Structure and Functions of 
Plants, With an Outline of the Linnssan and Natural Systems, Recapitulatory 
Questions on each Chapter, and a complete Glossary. Bv PROFESSOR MACGIL- 
LIVRAY, LL. D, W ood-cuts, 214 engiaved Figures, foolscap 8vo, price 4s. 6d. 

" We conscientiously recommend the present volume as the most accurate and the 
most useful introduction to the Study of Botany yet ^uh\iahed,*'*'^JSdintnirgh Advert. 

6. BKAWA& or B&ITZBK BSBBB! 
Being a short description of the Birds of Great Britain and Ireland, including the 
essential Characters of the Species, Genera, Families, and Orders. With an Intro- 
duction explanatory of the Structure and Form of Birds, and other particulars re- 
quisite to compare the objects with their descriptive characters. By PROFESSOR 
MACGILLIVRAY, LL.D. Second Edition, with Indexes of the Latin and English 
names of the Orders, Families, Genera, and Species. One thick volume, foolscap 8vo, 
with 31 Wood-cuts, price 7s. Also, sold separately. 

Part I. containing the Land Birds, foolscap 8vo, price 4s. 6d. 
Part II. containing the WjkTER Birds, foolscap 8vo, price 4s. 6d. 

In this work the essential characters of the Orders, Families, (Genera, and Species, 
are given sufficiently in detail to enable the student to refer an object to its proper pla««- 
The above Works may be Obtained on Order of any Bookseller, 



WORKS PUBLISHED BY ADAM SCOTT, LONDON. 

SOOTT'B ava&XBK C&AB8Z08. 

MILTON'S COMPLETE POETICAL WORKS, with Critical and 
Explanatory Notes, and a Life of the Author, by the Rev. Thomas Thomson. 
New Edition, large type^ with Poi^trait after Cipriani and Vignette, price 4s. in 
cloth, and 7s. in morocco extra. 

*•* The Latin and Italian Poems are included in this Edition. 

MILTON'S PARADISE LOST, with Critical and Explanatory Notes 
New Edition, large type^ price 2s. 6d. bound for school use. 

COWPER'S COMPLETE POETICAL WORKS ; including the 
Hymns and Translations from Madame Guion, Milton, &c. ; and Adam, a sacred 
Drama, from the Italian of 6io. Battista Aiidreini. With a Memoir of the 
Author, by the Rev. Henrt Stebbino, A. M. In one thick volume, (826 pages), 
with Frontispiece and Vignette, price 5s. in cloth, and 8s. in morocco extra. 
*** This is the only complete Edition printed in one pocket volume. 

COWPER'S POEMS. With a Memoir by the Rev. H. Stebbing, 
A.M. Price 2s. 6d. in cloth. 

COWPER'S POEMS. Part 11. Containing Hymns ; Translations 
from Madame Guion ; Translations from Milton ; Minor Poems ; and Adam, a 
Sacred Drama, from the Italian of Andreini. Price 2s. 6d. in doth. 

BURNS' COMPLETE POETICAL WORKS. With Explanatory 
and Glossarial Notes ; and the Life of the Author, by James Cur&ie, M.D. 
Price 5s. in cloth, and 8s. in morocco extra. 
This edition contains the whole of the poetry comprised in the edition edited by 

Cunningham, as well as some additional pieces ; and such notes have been added as 

are calculated to illustrate the manners and customs of Scotlandi so as to render the 

whole more intelligible to the English reader. 

THOMSON'S SEASONS, and CASTLE of INDOLENCE. With 
a Life of the Author. Price 2s. in cloth. 



Third Edition^ in one tMck volume^ small 8vo, toith Portrait of CodringUm^ and 
Vignette, price 5s. in cloth, 

BRITISH NAVAL BIOGRAPHY: comprising the Lives of the 
most distinraished Admirals from Howard to Codrington ; with an Outline of 
the Naval History of England, from the earliest Period to the present Time. 
** A very useful manual of naval biography, and so compact and moderate in price, 

that we could scarcely select a book better adapted for the sailor's library.'*— jvava/ 

and Military Gazette. 

Second Edition, uniform with the above, tnih Portrait of Wellington, and 
Vignette, price 5». in cloth, 

BRITISH MILITARY BIOGRAPHY: comprising the Lives of the 

most distinguished Commanders from Alfred to Wellington : connected by 

an Outline of the Military History of England, from the earliest Period to the 

present Time. 

^' A very acceptable companion to the volume of British Naval Bio£raphy. The 
Biographies are impartially written, and the origin and progress of the different wars 
carefully traced. The book is, in truth, a miliary library within a small compass.'* 

^aval and Military Gazette, 

The above Works may be obtained on Order of any Bookseller, 



BOOKS PUBLISHED BY ADAM SCOTT, LONDON. 

wiTHJBiu ara'B JUUtasrasnnnrT or bsxtzbk ^tolntb 

Aceording to tiie Liimsan SjBtem. Corrected and condensed ; preceded by Instruc- 
tions adapted for Persons commencing the Studj of Botany ; and an Appendix con- 
taining tue Arrangement of the Genera according to the Natural method. By 
PROFESSOR MACGILLIYRAY, LL.D., Manschal College, Aberdeen. The 
Sixth Edition^ with 155 Figures, price lOs. 6d. 

This work comprises a description of the Flowering Plants and the Ferns of Great 
Britain and Ireland, so full as to enable the young botanist to determine every spe- 
cies that may come in his way, without the assistance of others. 

TBB B&BM8VTS OV VBYBZCS, 

By THOMAS WEBSTER, M. A., of Trini^ Colleg^e, Cambridge, and Secretary 
to the Institution of Civil Engineers. In l2mo, with numerous Figures, 9s. 

This work is intended to prepare the student for the study of Natural Philosophy 
as a science. It is written in language clear and concise, though in a great measure 
divested of mathematical technicalities, and " on a plan calculated to lead the student 
regularly through the various subjects, and to engender the habit of systematizing 
and of arranging his knowled^.** 

'* It merits considerable praise for simplicity of style and felicity of illustration."* 
•—Athenaum. 



TTT&B&'B suaBonrTS or omrBSAXi bzbtost, 

ANCIENT AND MODERN; 
With a Table of Chronology. A New Edition, with considerable Additions to the 
Author's Text, numerous Notes, and a CONTINUATION from the Revolution in 
1688 to the present Time. Edited by the REV. BRANDON TURNER, M.A. 
In one thick volume (67*2 pages), 12mo, price 7s. bound. 

%* Besides the Continuation, which extends to 130 pages, and the Additions to 
the Author's Text (inserted within brackets), where further illustration seemed ne- 
cessary, thirteen new Sections have been added, which include an outline of Jewish 
History, and other subjects hitherto wholly omitted. The Dates of important events 
have l>een also almost uniformly inserted in the Text, an advantage which will be 
fully appreciated by the student of history. All these Additions, together with the 
Notes, are about equal in extent to the original work. 

** An admirable production as a historical class-book."— ^I?a«. 

'* The edition before us is superior to its predecessors, since it is not only more ac- 
curate, but it contains nearly double the ma,tteT,**^'Athen4eum, 

^* We prefer the additions to the original Mr Turner has bestowed more thought 
and care on his work than professional avocations allowed Tytler to afford.— We are 
bound to state that we could not easily point out a work containing so much histori- 
cal information in the same space.*' — League. 

TmtvsB'B mmir bwo&zbk orambcaB) 

In which the Principles of that Science are fully explained, and adapted to the com- 
prehension of Young Persons ; containing a complete Series of Exercises for Parsing, 
for Oral Correction, and for Writing ; with Questions at the bottom of the page for 
the Examination of Pupils. Edited by the REV. BRANDON TURNER, M.A. 
Foolscap 8vo, 248 pages, price only 2s. 6d. bound. 

'* As grammar is a practical art, it is the plan of this work to bring every doctrine 
which MS been learned into immediate and constant application : and Parsing, 
which is so essentially necessary in grammatical instruction, commences immediately 
after the first lesson of Etjrmology. The pupil is then projp:essively conducted 
through all the primary definitions and rules of grammar ; and it is hoped, that tb'^ 
importance of such a method of instruction will particularly commend the wor' 
taachers of youth."— Ptr/oce. ^ l<^ 

The above Works map he obtained on Order of any BookteUer. 



SCOTT^S FIRST BOOKS IN SCIENCE, 

WITH QUESTIONS ON BAGH PAGE FOft THE EXAMINATION OF PUPILS. 
Foolscap 8to, (128 pages,) Price One ShUUng each. 



FIRST BOOK OF ASTRONOMT: 

WITH QUESTIONS ON EACH PAGE, AND A DICTIONARY OP TERMS. 
By J. L. COMSTOCK, M.D., and R. D. HOBLYN, AJtf., Oxon. 



' BOOK or VATmULXi PBZ&OBOVBTt 

Including. 1. Propertiesof Bodies.— 2. Mechanies. — 3. Hydrostatics. — 4. Hydraulics.— 
5. Pneumatics and Steam Engine.— 6. Acoustics and Music. 

WITH QUESTIONS ON EACH PAGE, AND A DICTIONARY OP TERMS. 
By J. L. COMSTOCK, M.D., and R. D. HOBLYN, A.M., Oxon. 

The above will be followed by FiMT Books of Botany, Geology, Chemistry, 
Steam Engine, &c. 



It is now admitted that works intended for First Books in Science, and Class- 
Books in Schools, ought not to be written in a style professedly adapted to the capa- 
cities of children ; but that intelligence in the reader should be assumed, and that if 
the principles of science be so expUined as to be understood by those who have ac- 
quired no previous knowledge on the subject, young persons of ordinary capacity will 
be capable of comprehending thenu Therefore, when the importance of any branch 
of education is admitted, there are but two requisites to its attainment, viz., clearness 
on the part of the writer, and an ordinary and sustained effort of thought on the part 
of the reader. Each party is entitled to make the respective demand, and if the 
demand be mutually satisfied, the success of the experiment may be fairly relied on- 

The above First Books of Astronomy and of Natural Philosophy are believed to 
be not unfavourable specimens of Treatises of the character referred to. They 
are therefore presented by the Publisher as the first of a series of elementary 
Text Books, intended to be published by him, on those branches of science which it 
is presumed might be advantageously introduced in schools, as propu^tory to a more 
finished education, and for students intended for the learned professions. These 
First Books will also be adapted for those desirous of attaining the elements of 
science in a systematic manner, without the assistance of teachers, at as little ex- 
pense of time and money as the subjects will admit. For these purposes, they will 
be written in easily intelligible language, yet so as not to sacrifice truth to ornament, 
ibstitute sentimentalism for science ; the object kept in view being to convey 
aowledge of the several subjects as will suffice for elementary instruction, 
those desirous of extending their informatioii_t^^nur|U|^^'^^|r future in- 
advantage. ^ 
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